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[ 0 0 2 9 ] 

ttfcffSbl***** ff >7"l/-hj tt JK tt . M A tt , ^SOO^HO^fl, «k 0 jf 
*t<tt*?J4 0 0. 3 0 0, 2 0 OXttKCl 0 0*iO»f I«tt**»?T*«. 

m & « /h & ? « , tt^i§ST<>9>tt«©**fcttttife«>fc**fc"r*. 

[ 0 0 3 0 ] 40 

4*fc#*UV»S*£W rf>7"V- l-J tt & tt , * fc , Mfca#RjK©ii8-C5'5>ttJI 

x a ai si ft -& « ^ © « « s t u t © v» ftt * © 1 a ± # * b < « 2 a ± © * * * * * -r « 
s*#-r*iaaft^*tt, »siv>f >7"i/-hait*5. «*7$>gfta£**r-rs 

[ 0 0 3 1 ] 

JP?**A0«*a^>r^ - h tt 31 # '> ft < tfe*0*«9l»fc*HT#tff«l/^4«, 
1 tt±©&SfSffl{fl:, »fc7S>»ttt#f *#IiC l -,,7***Xi4C,- 1 ,7 so 
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[ 0 0 3 2 ] 

uvwb-&ft, i ic: £ v> t ifc 9! s tu x + i i:ovit 

ntz<D tmmtztt:m'?m%2 nnz> t <o tmmz w * « . tiex*-ai i k & v> 
t . sis©j§@ic*viTSSisn^vi#<o»sbvi->v>^me^s ( r , ) *» e it * 
n ; £m\zmzm<z)#w&m&&tf. *fc» «ffl$n#s. x + -ai ir*, sat, 1, 

[ 0 0 3 3 ] 
[ft 2 ] 



10 



R,-S1CI, 



H 2 M-(>NH 2 
-1S»C 




1*1 



NH 






YO-H 



H-o^-q-H I H-p- . 



N-H- 



Bt 



-N-H---N — H 



H-O' 



H-O, 



Ri J*i 



-Hp 




H-0.^O<. sj r>0^ sj / i-0 _ H 

A A A 

< 0 ;h v h v h 
i i i 
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30 



40 
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[ 0 0 3 4 ] 

I £ V> T 5* 3 *1 «fc 5 K , R 1 #±fE**-AIl;:43V>T^3ttfc&$ 

fll £ <K> (1, 4 - >> 7 5 y 7 x - ) tS^Sft*. 0? Ife L < « , ->7>S^f >^P- 
HU £ * tt » 0 t; T © J: 5 € T V tzU&\Z # \,* T ?• h y t h'D77>Xttll©l-f 

$ n* . 

[ 0 0 3 5 ] 
[ 0 0 3 6 ] 

k&s n* . 

[ 0 0 3 7 ] 

©«fc-5&W*8i£a) © » * C J: 0 . fi. o . 09 , «9 4 0 t, 5 Ot, 6 01C, 7 Ottt 
± © «fc 3 > *S£H±KillPSnfc*ftfcJ:D3ij«sn#*. * 
T , 0J *. « 1 2 , 24, 26, 48. 7 4Wn&±©P»flfl*T*»Sn;fcillfjfe5fi*lC* 

v>-c&#2n#§. ^ © is £ t , Kmrn-synt^fazn, #ij7-tt»isn, }fe # $ n 

[ 0 0 3 8 ] 

±ia$nfc«fc5t, -/'jJKu&ioftgixTA ( m * « 7 -t h * -> ) « 

$H£±fE©7.*-A I CEtSnft7i;-A*S«t4Ci«'Tf«*.. 
[ 0 0 3 9 ] 

*WHH»fc*V>T, 7 * * JUS tt , ASBCtt 1 ^5*5 1 6R^J|f , iDffSKIJl 
J^SWaoRJltg^, MiCj;0ff*b<«l. 2 > 3, 4, 5 6 O^iff $f t S 
. * W IB « 43 V» T , JB » 7 ^ * ^ tt , aMaaStt^fc-CifcH^©^!^^*^ 

. 4*f2©fcV>|gy. 815* & # # sti « ;« # & « » -r «. 

[ 0 0 4 0 ] 

*«itK61tilf*l/H7^3*5'Sfcl/TH, lK±©tt*IS«-3£RaCl^6i»l 6 
OKISf, J:Bff*b<ttl#&»8©Jfc*KT;fttfMK«ki>ff*U<ttl, 2, 3, 

[ 0 0 4 1 ] 

ffSU»75>StUli, l£*±©|g-$, »-»]fe«/XttSBH»7 5 >SR« 1 * 
^l2(5K^Sf - £0*f*b<teld>6i®8©Ji£3iIiCT, XfcJ:9»*b<ttl, 2 
> 3, 4, 5Xtt6®i!i*ST**'r*aS**«t7577;l'*;wafi*«*Kf6n*. 
[ 0 0 4 2 ] 

2Xli38©S$tt, '> & < <!: t> - O © g tt 1 , 2, X 3 ffl © N , OXHSlf St 

tt^feo, t « , 8 - >? v y x ;p & 3- tr £ t u x )V , 8 ■ ♦;'jrjK? < t7)i + ; 
»j x )v , euy*, t:5^-iK e y 5 ;p , 7>jjk k a y ;p , ^ x x ;u . ? 7 ;w 

7 - )V & * > ? 7 V - )l< $> Z> Z. t H % Z . 
[ 0 0 4 3 ] 

*w«fflSc*viT«ffl3tis»®*K*SBit:7y-;pstbTtt, w * © & / x « • <& 
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»S7'J-Jl'StbTH\ 7 x n ;i/ ; l - * 7 y ;u & 2 - ±7^;P*^t?^7^;P; fc* 
7 x r: Jl/ ; 7it>h'J^: 7>h5:>;i';&tf7-fe7-73 1 ;i'a<3£tfSft5. 
[ 0 0 4 4 ] 

± IS L «t 5 , **W©#UV-tt, «F S U < tt 7 * h ft 1/ *f K £ * & 1 fit ± © * 

;i/ £ tt * * - a i i;i?snfe#'jv-©7i;-Ji'Si:^5 7 h $ ft x J; v> . ±Et 

«fc 5 K > 7* Mlk^f^SH, 0! *. tf , ^P-flf;l/X7s^;i'T!^0#-5. 7 * h & 
<t:;US«, t*x;Px-^^£tfUv-j£0®Liiift©hFa*->g&g,h©K£ 10 

fc«fc9jS#$3ft.#£«fc3fc7H:*-;i'£T!'b«kV>. 
[ 0 0 4 5 ] 

±m<D£?\z. i4©#ij7-ifi«», ff*fc«*3ft#*. rg&^nfcj g&gii, 

F , C ] X li B r ) ; 7 / ; C , ~ , 7 » * )V ; C , ~ , 7 * 3 * > ; C , - , 7 ;P * 
;W =J- * ; C , ~ , 7 * * )V 7> ;i/ * X )V ; C^JJ^r^ ; ; C 2 ~ , 7 )V * - ^ ; h 

[ 0 0 4 6 ] 

*58flO*tti:J:D8asnfc#l:»tlVJ#U7-i:l/Ttt, TIE5S I K.tf/Xtt I I 20 
©^yv-fcckDH&Sftfc l&±©&0iIL¥ft£^W-r-5 ! b©at3HfSftS : 

[ 0 0 4 7 ] 

[ft 3 ] 



[ 0 0 4 8 ] 

d^T, R'te, (C,~C 12 ) 7;P + ;P, II (C,-C„) T)V*)V, (C 2 ~ 

c .) 7;i"^-xji/. g& (c 2 ~c.) 7j^-jk 7xx;k c, (r 7 ) s , (c, 
~c 6 ) 7;p*;u (c. ( r 7 ) « ) , (c.-Cs) 7 ;p * ;w (c,h,oz) , fx 
Jl-Rtff »h*xJH^I«$n ; zu (c,~c.) 7^ + ;^;^^ - hx^f 
7y-;P7,j^^-hixf;^^i«$n ;fti^n©R'Hji!4iTH, f > (c, 
~ c 6 ) 7)V*)V, (d-c.) 7;i/n + ->. ad (c,~o 7;p*;k tFDt 
->ad (c,~c,) 7^ + ^xtt/N d (c,~c.) 7 ;p n * -sfr e. J!*? 3 n ; *n-£ 40 

n©R 4 ilR 7 Rr^OHA^iilTIt?$n ; -?-ft-?ft©R 5 ttaiia:bTHX«FA^ 
jl^^ftj-^-ft^ftCDR'ttffiJiLTH, F. CH„ CF„ CHFiRtfCHiF* 
6> jlftSft ; Rtfm=0~2T&3. 
[ 0 0 4 9 ] 

Ctl^OS I RTJ I IK * V* T . m = 0 © <h £ . «*»«»fUH»©nicfl:*»^*»** 
:t#i«5n5Til555. »SKIim=OXttlT*D, J; 0 if S K lim = 1 

5 . c ft e> © 3* £ v» t , r g & 7 )V * ;p j x « r g n 7 ;i^t- - )v j t tt , 7 ;u * ;u x tt 
7;i^x;i,g©i^±©*3sat, ^-ft^tx, l ei±offl©f «St:J;DII3nTi>5i 
t*^<*f«. »l*B«StbTtt, (C-C.) 7;P*;P;g& (C,~C.) 7 
;U * * ; ( C ,~ C ,) 7 ;U a it (R'O-C (O) ) • $Wt57^3 + -> 50 




30 
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% )V#-)l, CJSTR'&TiafcfcgSftSfcWT&S ; MJ 7 ^ * D * f ^ © «fc 5 ft A 
D ( C x ~ C , ) 7 )V * )V ; ( C , ~ C , ,) 7 )V * X )V * * - h : R Zf 7 V - )V 7s )V 

hwm\f &n*««, c ft 6 krs£ $ ft& v>. 7 t vw\oy >i*st? 

$>3. R Ml^ V>T ©ff * b V> 7 JUR fi& 7 JP^Sfci , (0,-0!,) 7^* 

jk g & (c 1 ~c 1 „) 7 ;p * ;w s. < r 2 o - c (o) ) - ( c , ~ c » , ) 7 ;w * 

^ T? & 0 > ^:tR J UTgl:Silfcl0t*5. R 1 K O V* T © iff £ b V> (C 2 ~C 
,) 7)^-)HliAD (C 2 ~C.) 7 )V*r =.)IRZ*£ *) ft*^ < \t7 )\<*ti (C,~ 
C ,) 7 *ir-*t * 5. R l # (C,~C S ) 7J1/*;P (CH.OZ) lT$Sif 

tt^#Wic7 U -;px;i'*-;i'^*->ggis©7;i'*;wx;i'*n;i'^- + >> testis, z 10 
, fi*c**ROf»ic7 y *K«ko-««sn#a. r 1 (c,-c) 7^ + ;u (c, 
*tF7ir)Hf*« ^^;p^;p*^-h^>^;p. )V 7 )V v > v )V , 7 u t! 

)V 7 )V Tfr i- h « > S J )V , h'j7Jl'tO^Jl'7]k*th^>>'JK ^fiPXJ^t h7i 

- ;i/ x f ;p v h u )V 7s )V * i- h * > v )\> . Y u )V 7s )V * -f- h 7 x x )]/ x ^ ;u , tl >7 7 - 

7s V 1> P )V s *>77-XJl'*tF7irjH5 : Jk 7i-*^;i'*tF7i- 

JK ^f*7,Jl'*th7i = JK h'JJUi^t h7iXJk *>7T"^JI'*tl«7j 

x if ;i'XJi'*tF7i-;k 7 , Dtil'X;v*t H7i = Ji', h U 7 )V * n * f )V 7, 

;Uth7i-Jh If)^**th7i:)Hf)k 7"n tj^J^t t- 7 irJUf 20 

)vrxs v u 7 )i*x2 * 9- )V 7s )V * * h 7 x x ;n f ;w 31 # ^ £ ft & # » £ ft e. k fg £ 3 
ft fc v> . RMc-^vixofliicojffji^stbT^. * f ;u . x f ;k h'j7J^a^f 

2, 2, 2 - hU7Jl'^DX^;P. 'O^il'tDIf JK 7 x X ;|/ , -\>i?;p, 7 x * 
3=- * , h U fl- . h l J7JI'tD^jl'7jrJK ^t->7i=)K h U 7 ;P * n ^ h * -> 
7ii;v, / )V # ;p x ;p , ? d ^ * -> ;i/ , l , 2 , 2 ■ h>j7*tni; = jHl, K. $? 

S b < tt * f , If Fij7**D^fJI', 2, 2, 2 ■ hij7J^OIf;k ^> 
^7^tBIf Jk 7 x X ;V , ^ > 5? Jl> , 7 x * f )V . h'JJk h 'J 7i^a^f *7i 
X ^ , F'j7Jl/ta^F + y7iUk yj^^lik >>jDA*5'*Rtf 1, 2 , 2 - 

h v 7 ;p :* a t* x #Mf ^ ft & # , znt>\zm%-zniz^ . # ic # ii & it i i © ^ / v 

-tltft, h H n * > 7 x x ;p , b H p * -> ^ > V )V , Stfk h'D + ->7ii;Hf Jl' 30 

¥ 6 ft S ft* * £ ft 6> K: > RB £ £ ft & i> . R'i;oHT0ffl4t HDf ->;\a (C, 
~ c .) 7 ;p*;kStt, - c ( c f s ) ,oh wm\f e> ft •& ;ift*>K:iSifcSftfcv>. 

[ 0 0 5 0 ] 

wr^ i^±o^yv-*i^vfeft-5. m&z tixm ft % z>z twz z&ifr 

V> : 
[ 0 0 5 1 ] 

[ it 4 ] 40 




(HI) 
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[ 0 0 5 2 ] 

. (c,~c) r;p3 + ->> ad (c,~c,) 7;v*jk t f o ^ •> /\ □ (d~c 

,) TJl'tHttAD (C,~C,) 7JV3*->a>68ft$ft;-£-ft^n©R*tt»l5iL 
THXttFAm«$n;-tnfnOR"ttl!!4lTH 1 F, CH„ CF„ CHF 
,»I)tCH,F*51j({Sn; Rtfp = 0*6 2T*«. $? £ L < , P = 0Xttl, X 

tf<fcDJifSb<«P = i-e&-5. R'li, x ^ ;p , y a tf )V x tt 5/ if a a * -> t & * £ 
Aai«ctt*SK*;i'* = '>A-f*>*»ri£-r* , b©T?*o, ^omhth; a) -c 

(O) OC (CH,) - CH (CH.) O ( C ,~ C ,) 7 )V * )V - CH 2 C (O 10 
) OC (CH,) , ; - (C 6 H.O ( rrt-HFD^-Jh ) Xte 5 P h > ft $ M 
KSnsi; b) 6 E*±©&mH^£W-rs£jftK«H3*lfc#Si5£7 * * » II 

, '>s<ife2ooKiiftti-»» j&HRRtfsnsRft*** a^iius ft> ao^ 

f*; d) «*fct*«nfc7i=* : e) tiitifcS, 2, 0«*tf*:f)ff*fc 
«& $ tifcflijfcW- ^t- a fiftt^H ; g) 3Xi4 4«olAR*If **t*fili:l** 

nfc->^a7;i'*^S;Ktfh) ffitctisnf^, 2, i -«*>tt*a**tf5ft**« 
fc* o sn*t>©**** n*. 

[ 0 0 5 3 ] 20 

«2«±omB3R^^MT*w-r-5fe©*^ife.n-5. * m # k £ v> t r ?g - r j t« 

Klff)! 5 -^©***!!! ( IP *> , CHiRR'liTRS^R'liH-XliSftO 
ttiiiaR^tfaa©***!!*!^ (IP* , CHRR'R' '::fR, R » R ' 

izm-x&gu Q Rzf^n^tazfcm-eizu^) ^wt^ut^^i/ ; # ?i *s # k # v> x 
rmra»j &tm t$\%t< nz>*><D\t&tmm?tf 4®o#fcmwmm (hp^crr'r' 
r' " 'i;?r, r', r' ' 1st at r * ' Ma^n^nra-xttjifcD&tf-tti^ftfc 

© r g © fc \z a . OAS, t'jy>'<-fp**ft*. » tc 8 5 jc < » 3 * . , 7 u > 30 

[ 0 0 5 4 ] 

R, R ' . R * * , R " " ' (HJ-6 , CH.RR', CHRR'R' ' , CRR'R" 

r ' ' ') a, *n-?n«»7;u*^. ASttca (c,~c ,,) 7 )v*)v. iDfti 
Wfcti (c,~c.) 7)V*)V. Mfc«fcD*3!ttfctti. 2, 3Xte4<B©K3tic^£W 

TV»*lfl©»B3»R*ROCl£t±©i6JD©*S»XaSBia»ft*HTRtfl * IB A & V» 40 

¥smnsiiit:s*W'r*t>©^^»f&n*. 

[ 0 0 5 5 ] 

ra»K*xatitt±©fiiP©S6 = »K*isi^atfi«©!B*ie^*v>iii!R***««i5»f6n 

iQffSl/V^^ + JHtttlTH, tt£©X-'5 ! -;i'a** : Pfc8£ , l/TV» 

*i«©*B«iK»atfi«±©aiii©*Hiixtt» = «i(t*ii^atfi««**v»*« 

fiFStRNiS^lTii. i (iv) - (x) , Pll#'J?-St*t*. ©«& 50 
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£ * * -5 % O ifl m 6 ft -5 # , £ ft S> K PS 5£ $ ft & V> . 
[ 0 0 5 6 ] 
[<b 5 ] 



(IV) 



(V) 



>— < 



10 




(VII) 




(VIII) 



20 



(IX) 




(X) 



30 



[ 0 0 5 7 ] 

^ ^ ;v - 2 - 7 ^ ;p ; 2 , 3 , 3 - 

3 - - 3 - ; 2 , 3 

4 - ^ > * * ? » - 3 - * > ^ Jl/ ; 

- l - >> i; n ^ > )V ; 1, 2, 5 
'J^ff -y^D^>f;|/; 2 , 2 
^ ^ ;V - i - -> ^ D * -> ^ ; 1 , 
'J * JU - 1 ••>i'DA+>'Jl'; 1 
1, 2, 2. 6, 6-^>^^^JU 

- 4 - ^\ 7 )V ifi & \f & ft * *» . £ ft e> 
[ 0 0 5 8 ] 

[ 0 0 5 9 ] 



h U 

, 4 

1 - 

- h 
. 5 

2 - 
. 2 

- 1 



sfi^W-rsffil&JiaRig.hbTtt, 2, 3 - ^ 

2 - 2 - 2 - 5 1 ^ ; 

■ F'J^fJl'- 3 -^>f;k 2, 2, 3, 4, 
* ? )V - 1 - -> * D > ;P ; 1 , 2 - ;* ? )V 

V * )V - 1 - =s 2 U * > ? )V \ , 2 , 2 - h 
, 5 - f h?^* - 1 -->^D^>^;U; 1 - 

V * 3- )V - 1 - -> if D ^\ * -> )V ; 1 , 2 , 6 - h 
, 2, 6 - f ^ - 1 • ->^DA+>>^ ; 
- -> # D 'S * */ )V ; 2*. 2 , 4 , 6 - h'J^f * 
£ HI 5£ 3 ft & V* . 



40 



50 
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at 6 ] 




(r'sjojbhi) &w ao an) 

[ 0 0 6 0 ] 

c^t, r'h (c,~c»,> 7)v*)v, mm (c-c,,) (c 2 ~c 

,) TJl/^-JK «& (C 2 ~C 6 ) 7*yrJK 7i-)K C, (R 7 ) 8 , (C,~ 
C s ) 7)V*)\, (C, ( R 7 ) J , (0,-0 7)V*)V (C,H 4 0 Z ) . t* - 
&!CIIfrjM^8«sn ; Zli (d-Ce) 7f*JUf*^-M^fJ^ll7 

y-;i/*;i'**-hx*T-;i^&ajRa*i; R ! uKiiSST?^D ;-?-tt^n©R 7 ;K.tf 

R 8 tt. F, ( C , ~ C , ) 7 )V*)V. (0,-0.) 7 )Vu * : s . AD ( 

0,-0,) 7 )V*)i, tFnt'/An (c,~c,) 7 ;i/ * ;i/ ft a a (c,~c.) 
7;P3*->^eM^$n^-ti-?n©R 4 «sfi5ibTR 7 RrjtoHd^«*?$n ; 

OR'StJR'liSllltHXIiFi^llRn ; J £-n^n©R 8 R^R ,0 ttffi5tbT 
H, F, CH„ CF„ CHF,JltfCH,F*61jllSn;m=0*5 2T»!l ; ft 
tfp = 0~2T&-5. # S! 7 * W*-^l|g&/&^l££tt5&flfcftC#®ft#y-? 
m=0XI4l?*«i^O#>J «fc ?) # S © tt » p = 0Xttl, ft 

* L < «p = 1 T*S«-&©#'JT--C*S. 
[ 0 0 6 1 ] 

t5M-#'j7-ittKlT, « 4> U fc * * *ft * * "T * * » W © # D V - ft Jf ft -r * . 
[ 0 0 6 2 ] 

- iR ic, 5ii~i i 1 ; ^-\**%w<d$ v %<Dit&-z m&snz 

. 01 « > 5t I ft I ICtyr-ttl : I 1^9 9 : : 99©ffilc©tfc$T^ 

JB £ ft # 5 . SUtfl I I ©tyv-tt I : I I I #99 : 1 5 1 : 9 9 © ffi j£ © tb 

# . ^ i i i ©ty i^n^^y ^-©stjwt-t > h*l*i;bT5^5 8 

0 %-C&-5©#jf3;LV>. 
[ 0 0 6 3 ] 

*%loiltf ^'Jv-ii, 5 o o#e>2 o o, o o o^;ph>©^^fift 

[ 0 0 6 4 ] 

itci Dg^^n^t*? 5. tie x . *7*h^^-^piigm^«5«ix«2«±© 
Ji^wtfyv-ft^tfjittfT^s. 2tti©i3i^t#ij Y-idt^fflgnstt , 4> 

< £ - o , **«©smi|lij7-T*«. 2SD©3i3l-£-W#y T-tt. «ffl© 
Sltt«'j7-xii*?s«0il?ij7-t«. u©i5i:H, # y v - © 7 > K « 

, *y * hi * -i?*imt8.&L®\zfi&\zmRi2nz>. »? * * f v > H k « > # g at w # 

[ 0 0 6 5 ] 

7* h&&£ajRtf7* hifis^4^fttti;©i:-r-5#. £ft&fcM$*ifcv>#«fci: 
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[ 0 0 6 6 ] 

h & * ?g £ > Ainctt» 3 2 0 *54 2 o^y^-MPT** 

aft^^nftsafeiwtuTttr^^/is^tt^^s?^^ # ;wt 5 > a > y -r > , o- 

Afrtt<JktFQ*->7S>, O - # ;i/ A * -f ;P * * -> A , ff«X^*>7Sl' < 7 
^77-7^^, N - (2 -7'JJHfrJH 75 H, 7>J-*7?Hft^«. N-7 

a« , :n e © £ $ n & . 

[ 0 0 6 7 ] 

# SB W * JH & , 7t H^t^JH, *a«tll» 3 2 0 *542()t^-hAT*« 

&7*h$fg£aj£LT«:, a d y > ft h y 7 5? > , * = 7ai, ^**>ftixf*s 
a a y > -ft x ;v * 1 ;w * -> s? * ;u * * -> 5 h* a« m s ft •& . 

[ 0 0 6 8 ] 

4* \z m m u a d y > <t b y 7 ~? > \z rt , a n * f * - s - h'j7^>««^sn«. $? m is 

Any>fthiJ7-7>©iSilTli, 2 - ( 1 - ( 3 , 4 •^>y?t*V>J*) ) - 4 
, 6 - EX (f^DD^f)H -1, 2, 5 - hU7'7>, 2 - (1- (2, 3 - ^ > 20 
, /?**y | J*) ) - 4 , 6 - E 7. ( h 'J 7 a D * f )V ) - 1 , 3 , 5 - h 'J 7 5? > , 2 

- ( 1 - ( 3 , 4 - > v* * v y ;u ) ) - 4 , 6 - E 7 ( h 'J 7 D * * f ;i/ ) - 1 , 
3 , 5 - h 'J 7 5? > , 2 - ( 1 - ( 2 , 3-^>!/?ttyy*) ) - 4 , 6 - E 7 ( h 
'J^Ot^JH -1, 3, 5 ■ MJ7i?>, 2- (2 ■ 7Jk7^Hf 'Jt>) -4, 

6 (h'JJrDD/fJIr) -1, 3, 5 • F'J7-7>, 2 - ( 2 - (5 - 

JH lf'Jf» - 4, 6 - EX (h'J^DD^JH -1, 3, 5 • h'J7-7>, 2 - 

(2 - (4 - JI/7U JP) Xf Ur>) - 4, 6-fX (h^nD^Jk) -1, 3 

, 5 ■ h«J7?>, 2 - ( 2 - (3 • Jk7'j;H If 'Jf >) - 4 , 6 -EX ( h >J 

7 O D ;< f ;P ) -1, 3, 5 - h 'J 7 =? > , 2 - (2 - (4, 5 ■ -7)( f ik7 'J If 

'J X > ) - 4, 6 - HX (h'Hnn^f*) - 1 , 3, 5 • h'J7-7>, 2 - (2 - ( 30 

5 - * h * -> 7 y ;w ) x f y f* > ) -4, 6-b7(hy7pa7f;i/) - 1 , 3, 5 - 

MJ7-7>. 2 - (2 - (4 -n + ->7'JJH If'Jf» - 4, 6 - E X ( h <J 7 P 
P * f ) -1. 3, 5 - h y 7 57 > » 2- (2- (3 •/h*i'7'J^) If»Jf>) 
-4. 6 -fX (h'JjDU^Jl/) -1, 3, 5 - MJ 7 S> > , 2 - (2 - (4, 5 - 
•7^ F + ->7'J)I') if'Jf >) -4, 6 • EX (bnnD^fJH -1, 3, 5-h 
'J7 7>, 2- ( 2 - 7 ^ 7 4 )V X f »J X > ) - 4, 6 - E X (hij7*Dt^f JP) -1 
, 3, 5 ■ h'J77>, 2 - (2 - (5 - ^fJpiJJH If 'Jf>) -4, 6-bX( 
MJ7nt^JH -1, 3, 5 • hiJ77>, 2 - (2 - (4 - ^f*7!)W If 1) 
f > ) - 4, 6 -h'X (h'J7Dt^fJH -1. 3, 5 - HJ7-77. 2 - (2 - (3 

- * f ;u 7 y * ) i f y f > ) - 4 , 6 • ex (hU7*Dt^f - i , 3 , 5 - h y 40 

7 5? > . 2 - (2 - (4, 5 - S? ^ h + -> 7 'J ) I f y f > ) - 4, 6 - E X ( h 'J 7 
DqE^f;P) -1, 3, 5 - h >J 7 -7 > , 2- (2- ( 5 • ^ h *->7 'J A) If <Jf> 
) - 4, 6 - EX (hU7Dt^f;|/) -1, 3, 5 • hU7-7>, 2 - (2 - ( 4 - * 

h * -> 7 y )V ) i f y =f > ) - 4, 6 ■ ex (hU7ot^f;n - 1 , 3, 5 - h g 7 

i> > > 2- (2- ( 3 - * h * ~> 7 y ) I f y f > ) - 4, 6 ■ EX (h'J7Dt^f 
)V ) - 1 , 3 , 5 • h'J7-7>, 2 - ( 2 - ( 4 , 5 • -7^ f •> 7 'J JP) If 'Jf>) 
-4, 6 - EX (h'J7Dt/fJM -1. 3, 5 • hU7-7>, 2, 4, 6-MJ7- 
(F'i^na^f Jk) 1, 3, 5 ■ h'J7-7>, 2, 4, 6-MJ7 - ( h U 7* D * * f 

1, 3, 5 - h 'J 7 f? > , 2 - 7 x X ;P - 4 , 6 • EX (h'J^DU^fjH -1, 
3, 5 - h'J7"7>, 2 - 7I-JP - 4, 6 • EX (fU7nt^f JW -1, 3, 5 - 50 



( 19 ) 



JP 2004-38143 A 2004.2.5 



hiJ7^>, 2 - ( 4 - * h * *s 7 x - )V ) - 4 , 6 - KX (F'J^DD^^) - 1 . 
3, 5 - h U 7 S> > , 2 - (4-*h*->7xXJ|/) - 4, 6 • (h'J^nt^f)k 
) -1, 3. 5 - MJ 7 5> > , 2 - ( 1 - 7 7 7 ^ ) - 4, 6 • (h'J^DD^f^ 
) -1, 3, 5 - h U 7 V > , 2 - (1 - t7f^) - 4, 6 -'HX (b'J^Pt^f* 
) -1, 3. 5 - h >J 7 v> > . 2 - ( 4 - * h * 5/ - 1 - t7f * ) - 4, 6 - fc* X ( h 
iJ^DD^^jl/) -1, 3, 5 ■ h V 7 i?>. 2 - (4 - ^h*-> - 1 - t7ff) - 4 
, 6 - t7> (hV7*nt^^^) -1, 3, 5 - h >J 7 5* > , 2 - (4-?DD7ir* 
) - 4 , (h'J^Dl^f*) - 1 , 3 , 5 - h 'J 7 5> > , 2 - Xf^V - 4, 

6 -h^ (FU^DD^fjH -1, 3, 5 - h U 7 5> > , 2 - X 7 >J ^ - 4 , 6 - h* X 
(h'j7"Dt^f*) -1, 3, 5 - h <J 7 -7 > . 2 - ( 4 - * h * X 7 'J^ ) - 4, io 
6 • t'X (MJ^DD^fiH -1, 3, 5 - MJ 7 v> > > 2- (4 • ^ 'J^ 
) - 4, 6 ■ h'T, (h'j7"Dt^f Jk) -1, 3, 5 ■ h'J7?>, 2 - (3, 4, 5 - 
h'J^h + i'Xf U*) - 4 , 6 - fc* X ( h y ? D D * 7 ;P ) - 1 , 3 , 5 - h >J 7 5? > 

. 2 - (3, 4, 5 - h y ^ h =*■ x 7 y )v ) - 4, 6 - h x ( h y 7 a * ^ 7 ;p ) - 1 

. 3, 5 - h y 7 5? > , 2 - (3-^DP-l-7x^;W) - 4, 6 - fc* X ( h »J ^ n D 

* 7 » ) - 1 , 3, 5 - hV 7&>1*.&2 - (3-7aD7xX;U) -4, 6 - fc* X ( h 
iJ^Dt^JH - 1, 3, 5 - MJ7?>«tf¥tf&tl«. *^«l:*ffl&I©h'J7 

6 6, 8 4 6 ^IC^VitlSi^tl^. 

[ 0 0 6 9 ] 20 

s - h 'J 7-7 > ft; **a©^7JU-An^7-^-.s - FiJ7-7>t*51©7Jl' 

7 f fcKXtt7;pTfcF*»#i©*£R*fliJfc«BT**. »*5s - h >J 7 -7 > {t tt 
, # ffl # W Sg 3 , 954, 4 7 5 f Rlf7*/tt->§0B*ftf ^S, 1 4 2 1, 292 

4-3 oh (i 9 6 9*p) ci**n&?ii:a^iMsn#*. 

[ 0 0 7 0 ] 

S«tt7-t>iO*-DAStt, # IS 91 © 7 * hftBtaifcl/TOfl'fllfcttfcffaT!' 
& 3 . »f^-57n^->©^<i:L/Tli, -ffi*>6£«©&«Xtt#£JR, 09 *. « , 7 > 7 * 
>> XX, & > fc* X V X , 7^S=7A, ^'J9A, -f>^9A, 7 * > . 
. 7*>-^7A, i?PA, A7-n, M , * 9 H , y>R^«ft^. ©AD7>$#7X 

* > # #£tf S ft 3 . »Ji7i*z:"j7Aig©M«i:bTtt:-77y-;i'-v s 7y-7A^fi.^« 30 
S8*«©VA2fclXB^> I I A&«BR^I^©*^7ifi, 0« > ADr^Ai. S& 
B3i»7> ; E-7Alfi. *7*^')AStf7;l'y-7Afi, ^#&X;i'*X9A&S.tfX;i' 
**VX9A&xtttkx9A&tft#§W'e>ftS#> lift 6 Kl « £ 3 ft fc vw # il ;* x 9 
A©«tt. *H1*WJI54. 442, 1 9 7 f ;| 4, 603, lOlf ;I 4, 624, 

9 12*KHjR3ft, *©W*±#*«#jRSft» *W«»fcJfXSft*. h 'J 7 x =. » X 

[ 0 0 7 1 ] 

* 18 93 © 7 * H!j^t9Jtit*fflftx;^><txxf jh:ij, xj|/*-;^*->^F> 

& 5 . Jfl&XJKXtlXfJl'itTIJ : '?> , /'f>h->l/-h, t - 7* 7 ^ 7 x X 
;P7J1'7t ■ ( p - h x > x ;U * x ;P * ) ■ 7tf-Htf t ■ *7*7r • 40 
( p - MP x > x * x ;i> # * -> ) -7ir7-ha<#£tf£ft3a<> £fte>KIS;£3ftfcV> 
. f*^7,JV*>fcxXf ;HJ. *^iffl»ti5ViT#M$ft> A3ft5 J o u r n a 1 
of Photopolymer Science and Technology . 
31 4 # > No. 4. 3337~340H (1 9 9 1?) K:43V>TIW^£ft5. 
[ 0 0 7 2 ] 

5 Ftlttt : 1 ( ( (h'j7**D^f A) * + - 1 H - fc* a - )i> - 

2, 5 ■ J?t> ; N - ( (^^7^*D*^^>X;^rjM t*->) - 5 - J )V # )V * 
> - 2 , S-?**# + 5"f5l l :N - ( ( h y 7 )V * a * 7 )V X ^ * x )V ) * * ) - 
5 - J )V tf )l> * > - 2 , 8-?**#t>-fSl«; 1 - ( ( ( b 'J 7^ta^f ;H X ;k 50 
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# - JP ) :* * -> ) - 2 , 5 •Kny?>J>t>; 3 a, 4, 7, 7a-f FHFn-2 

- ( ( (hij7*tn/f*) 7** = *) - 4 , 7-**y"-lH--fV-f> 

h' - ;P - l , 3 ( 2 h ) - 3? * > ; 2 - ( ( (F'j7;ktn^;H 

) - 1 H - > X ( f ) -f V -f > h' - JP - 1 , 3 ( 2 H ) 3 . 4 - 5? * 5 1 JP - 

1 - ( ( (h'J7^tn^JH Xil'*-*) - 1 H - £ D - JP - 2 , 5 - * 

> ; 2 - ( ( (h'j7J^n^JH 7, JP * - JP ) - lH-fVOH-JI' - 1 
, 3 (2H) - P * > ; 2 - ( ( (F'j7J^D^f;W 7**-JH - 1 H - 
t>X (?) <y*y>J>- 1, 3 (2H) - P * > : 4 , 5, 6, 7-f hnN- 

2 - ( ( (h'j7Jl/*n^f;i/) x JP * - ;p ) * + v ) - l h - -i v -i > H - JP - 1 , 3 

(2H) - 5? * > ; 3 a , 4, 7, 7a-xh7tH J D-2- ( ( (hU7*tn^f^ 10 
) * )V * n JP ) * * ) -4, 7 + lH"fy-f>l«-* - 1, 3 (2H) - 

-7 :* > ; 2 , 6 - h* 7 - ( ( (h'J 7**D^f Jk) X JP * =. JP ) * * -> ) - y (1 
, 2-c:4, 5 - c ' ) P \L D - JP - 1 . 3, 5, 7 ( 2 H , 6H) - y- h D > ; * 
ft HD ■ 2, 6 - f 7 - ( ( (hij7**D^f*) -4, 9 - 

- lH-tDD (4, 4-g) "fVt;iJ>- 1, 3, 5, 7 (2H, 3aH, 6 
H) - x h n > ; 1 , 8, 8 - h U J* ? JP - 3 - ( ( ( h U 7 JP * D ;* 5 1 JP ) 7. ;p * - JP 
-3-71flf->^a(3. 2. 1 > * £ * > - 2 . 4 - 5? > ; 4 , 7 - b 

KD-2- ( ( (h'j7j^n^;n 7 ;p * - ;p ) * * -> ) -4, 7 - x # * -> - ih 

- 'f V < > K - JP - 1 , 3 (2H) - P * > ; 3 - ( 1 - ^- 7 * 1/ - JP ) - 4 - 7 x X JP 

- 1 - ( ( (t-^Jl-tD^JW 7,Jl-*^JH ^*->) - 1 H - t! D - JP - 2 , 5 - 5? 20 

* > ; 3 , 4 - 5? 7 x r. JP - 1 - ( ( ( h 'J 7 JP U 7 ^ JP ) 7 JP * X JP ) :* * -> ) - 1 
H - tf D - JP - 2 , 5 - P # > \ 5 , 5' - (2, 2, 2 • bU7*tD • 1 • ( h 'J 7 
)V*U *?)V) If'Jf» t* 7 (2 - ( ( (h»j7J^D^5 : ;n 7 JP * = jp ) * * -> 
) -lH--fV-f>H-;i'-l. 3 (2H) •>7*>;f hHFn - 4 ■ ( ( ( MJ 7 
)V*u *?-)V) 7 jp * x jp -2, 6 - ■ 2H-* + ">i/; ( f ) -f y -f 

> h* — JP - 3 , 5 (IaH, 4H) - P * > ; 5 , 5 " - * * 5/ fc* 7 - 2 - ( ( ( h 'J 7 

jp a 7 jp ) 7 JP * x JP ) - l H - >r 7 < > F - JP - l . 3 (2H) - POry 

: 4 - 7 jp - 2 - ( ( ( MJ 7 JP n 7 ^ JP ) 7 JP # x jp ) tf * -> ) - l h ■ -f y < > 

F - JP - 1 , 3 (2H) - 5? * > : 3 . 3, 4, 4 ■ rh7^f • 1 • ( ( (hU7* 

tf a 7 ^ JP ) 7 JP * x JP ) tf * -> ) -2, 5 - M a u P > P tf > Rifi z. ft *> <d m& ® m 30 

M e. ft 5 > £ *l £ IC PS 5£ 3 ft & V> . A D y > ft 7 * = )V * + -> V * )V # + P -f 5 K « 
lPiioi ( ( ( h U 7 JP * a / )V ) 7JP*r:jp) + - iH-tfo-jP-2, 5 

- P -t > : N - ( ('S JP 7 JP*D*7*>7JP*-JP -5-yjP^JP^>-2 
, 3-J>*JK + y-f5H;N - ( ( h U 7 JP ^ D ^ ^ JP 7 JP * - JP ) * * -> ) - 5 - 7 
JP # JP ^ y ■ 2 , 3 - P 1} JP # * -> 'f 5 K ; 1 - ( ( ( h 'J 7 JP * P ^ ^ JP 7 JP * - JP ) 
■**P) -2, 5 • KDUi?>-7t>RtfJ:Dff*KllN- ((^JP7JP^P^^7> 
7 JP * - JP ) * * -> ) - 5 - 7 JP # JP * > - 2 , 3 - P j] JP # + P -i 5 H X tt N - ( ( h 
U 7 JP ^- D ^ ^ JP 7 JP * X JP ) * * y ) - 5 - 7 JP 2)? JP * y - 2 , 3-$?7JJpJl?^">-f5 

[ 0 0 7 3 ] 40 
[ 0 0 7 4 ] 

©SR« *«ktir 5 © K + ^ftftitoST* * . 7* hgttfiS^tt, 

S£g*|8KbT» 0. lA^2 5fia%OieffiTffiJl$n'5. 7* Fffitt^^tt, 0. 1 
P<B5li5SKT®tT#at5. ^lCjff*bVi<6H«, 0. H>551IJ!T*5. 50 
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[ 0 0 7 5 ] 



j& © ^ # & x kui w & & *t am , *%wr<D@.m\ziff-m-?&z>. m # •& w m & « * » , « 

[ 0 0 7 6 ] 

*5&WfcWJB&ff»fc#**«ffliLT-tt : 75 >*Wfc##K x#*$/-&W««. '> fc io 

m. & t> m \f $ n z> & . ^nscissn^vi. »*uv»*«jwt4. 7s>t$ft^ 
&&tfx#*>'£*r&ssT&.5. 



#fg9f©&$aj£LTWffl&75>^W«5£LT« : ^7S>i;7-, * 5 5 > # U T 
*rhH*I. if • *;PA7^f t h'f n, 9 y ^ ^ )V - * ;p A 7 ;p 5* t t* m ffi R z. 

nsoB§«««*tf e *i s # , ^ n s K n s $ n & v> . ;in s © «t is « , 7;i/3-;i/tt 

jg«>P?7^ y^7 5 h*xa^^i"JJl'7S H n # U V - t * ;W A 7 ;P x t F <h © E Jfc K 
iDXBttfWCN - 7 » D * =y * 9 )V 7 9 'J * 7 5 Y X\t * $ >7 !) Jl* 7 5 HtttCffI 20 

ftty^-to^i^tiDiS^nts. #«c»ii^75>^-7.3i5M^jtbTtt, u- 

^Jl/ (CYMEL, g|) 300, 301, 303, 350, 370, 380, 111 

v>tctDia3§$tifc^75>ii;-y-'f/;i/i 1 2 3 & # 1 1 2 so&sizowri- 
>®m ; ^ * )v 1 1 7 0, 1 1 7 i&z*i 1 7 2©i5ft^y 3>)yjH8ii ; stf, 

Sfefc, «;^a, * H . -a-5?^-->-W, V x X h A - ? - V > \Z £ 0 *l t& 

SK^^-Xiit'-h^^BEETLE, ffig) 6 0, 6 5 Rtf 8 0 *«*lf & n«. & 

< 3A/fcft©H«fc75>*-*flS'&*a«, i^oftj&tiosiftiaf sii-c^. 

[ 0 0 7 8 ] 

*5S>«, ff^Lv^s^-xansaj-e&s. # ic # * L v> © te , 7;i'*D-;i/^5 1 30 
)i> * ? s.>mm zn®m\t, iifi*n:HhU7;^n-jp^f ;p^55>r^a 
=^-y-7;i'+a-;i/^75>o«t5^7Ji'*;i/T*s. 7 1 8 u±<D&mm 

[ 0 0 7 9 ] 

4#K*?>Ifc75>^-xaS&£iJ£LTtt, 5SlV©SR*aiiat*tf&n* : 
[ 0 0 8 0 ] 

lit 7 ] 



[ 0 0 7 7 ] 



\ 



/ 



40 




[ 0 0 8 1 ] 

R"&yR u IA, iiLTH, (C,~C.) 7)1>*)IR&7 x-)lfr $ M 



50 
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•5 . 
[ 0 0 8 2 ] 

*»Wte*v»T*«»£bT*Jflfcx#* 3/ l»8tK:«fc9S-SBJIigfclW±© 
:**7>S8£W-r£ffi,f:©W#Hb-&!|&T&5. £ < , xtf + ^FifftftiSJUf****** 
Utt : * y V-ftxtf + ^fls^fcXtf* ?r # & X *g ifl 81 1£ T & D ft 

5 # U V - ft X * v K # 3Mf £ *l 5 , Jlft&fclR*aft&V>. j(f*tViX#*'>mM 

x # * H K « , * M x # * ~> £ ( M *. « * U * * >> 7 » * ^ > ? U □ - )\ © ^ U *s & 

;u x - x ^ ) t#t*i*#'j7-, t«ft + ->7>itt #y:/*$>x>#«j 

•>i?JM^^'Jl/-t>#'j7-) **t*#'J7-*«**n*. + Kll, M » ft it 
£ « TJ tt * « *« , »f IfcU lX»42£t±©X#**>3t**«"r*-llfc»^*-r**. 
[ 0 0 8 3 ] 

T * * . MiS, £«ltt£j§c©;S!gT«fc<, «ft.£ttMT**5'?>SliEj&«:©e* 

-x;k x**^-hs. -> p * -s- > s , =hbsRtf*^7i-hs?^$jfsns#« 

[ 0 0 8 4 ] 20 

l:f ISi/Jt + y^Wigifiitt, y U *s 'J )V x - f )V ifi $> 3 . © M « 
, |t«7i;-JVtiti;ojl't >©J:5S, i&f!!©:7PPhKy >£©££!;: <fcD 

#5n5#«7iy-;i/©yij ->yjpx-f ^ ( en « > 2, 2 - (2, 3 - x # * -> y 
o tJ? + -> 7 x / - ;i/ ) 7 p > © ^ y *s v )V x — t- ;p ) t$ 5. Sfi^^ij->-7]Uf 

SI^OiCHlt + ^FoMHTIi, *B#HS 3, 0 1 8, 2 6 2 f IC* 

v^TH^sn, c©#wtt»fd^x# + '>H©gsm*^c*-r-5ieffl»c*viT#M3n> * 

[ 0 0 8 5 ] 

* IS 9i I' W ffl & » M x # * -> H t b T « : x t? ^ p )V\i H U > , 5"J->H-JK ^ U > 30 

^;m^J"J1/-k p - 3'-->t , j-7? : Ji'7i;-^0^ij->-7JH-fji' 

, t7--Xtt)i^EP I - REZ 5 0 1 4©Sj,&£TA#nJfEfc i fe©) ; h* 7. 7 x ^ - 
Jl' A © -7 ^ U ■> -7 ;p I - f ^ ( s s x ;i/ * 5 * )V C o . £> X # > ( E P O N ) 8 2 8 , x 
#^ 1 0 0 4 StfI#>1010 ;Sffyns**Co. *6DER - 33 1, DER 
- 3 3 2, R^DER - 3 3 4 © fa & S * If A # Rf fig *> © ) . fcf X £ P <\ * -fe > 
^- * -> H irt7*-;HHCorp. *>5«)ERL ■ 4 2 0 6 ) > 3, 4 - 

X # * -> - 6 - - y^DA^i'JMf))'- 3 , 4 - X # * -> - 6 - ;* )V S S 7 P A 

*-fe>#JU#*->l/-h ( 09 A. « > a-*7A-/H h'Co rp. *6(5ERL ■ 42 0 

i) , tr* (3, 4 - x # * -> - 6 - y> ^ ;w -> 7 p ^ * -> ;p y ^ ;p ) 7P<- b (mz.\f 

% 3.Z*7*-;W FC o r p. *6CERL - 4 2 8 9 ) , h'X (2, 3 - X # * >> 40 
t? UOJ-fr) X.-7-JV (MZ.it. art>A-;HFCorp. *5©ERL • 0 4 0 
0) , 7" p if > y y p - ;u T £ tt S n flg x # * -> a = 

Corp. *6(5ERL • 40 BOltfERL - 4 2 6 9) , -7 A > x > * * -> H ( 0!l 
x. « , art>A-/HHCorp. i>5<9ERL - 4 2 6 9 ) . MttX#*->«f]|g ( 
MZ.lf, ^ns^JKo. UH6DER - 5 8 0, I(kf77iy-;H# + 

-> 8f IS ) , 7i7-)l'**A7;i'f hF;*5^01, 4 - 7 ? > -7 * - ;u -7 7* 'J -> 
;i/X-x;U ( 09 « > y^^T5*;Ko. AmDDEN-431StfDEN - 4 3 8 ) & 
Zt V V )V -> / - )V ^ U -> S? X - f )V ( 09 * « . 3 y /I — X 7J 7 A - - , Inc. 

[ 0 0 8 6 ] en 



JK 2004-38143 A 2004. Z. 5 



**«jKD«HTtt, id>e»i2©^mm^*#-r^ii&j»^> j ^-^, # y x ^ p > ^ 

6 £ © t* x ;p x - x ^ ^ # 3Mf e> ft & . #i:wffl&'>s;< tfe-^ob'x^x-^^s 

S # "T * fc £ « HTlt if 1^>^J3-JK h'J^^k> - 1, 3 - 5? * - ^ , 3> X 

f h'jifv>^ij3-jK 7 n tr w > ^ y d - ;i> , mj 7 □ bf u< > 

^ y 3 - ;v , i/ v )v s s j - )V a zfi t* x 7 x j - )v a m © v t* x )v x - t ;i> # $ e. n « . 

[ 0 0 8 7 ] 

uj^ti:<i:oTei!isnTn§t)©ifS5. # ii & 7 y ;w ^ # & k & , 7 u ;p 7 x / - 
;p © «t 5 fc 7 u )v 7 x x 3- « ** * s . 7U;ni;-;^i)Sijtt, 

iHfiS^ft5tn-XIJ#'j7-T*0#5. A £ £ , 7;P*l'>«&Ste7* 
D ^ ~ ;l> T & -5 > IP t> . 7i;-;Hil£(J:0D7"D'<: = ;HiS$ft2i. » i I 7 'J 

^7i;-^tuH, 7i;-;nit;bh*D*y'<>X7^TtFs«. Jfi <b 7 u © 
i5)S7 , J^A5'f Kom^ftjiJftfens. £<©#jifc7yjV7x/-;ni, 09 

tf, ir^T^-7>H^JA, Inc. ( * H , X a - i? *■ - */ - W , »J h )V %/ ft A - ) 
CAD-fr-Vy^X (THERMAX) SH - 1 5 0 A R Offifi^Tl^ 3 tit ^ •§ fit 20 

6<ucA#"lil7S:7y;P7xy-;i/T$)-5. 7 , j;k7i;-;^^tf7'j;i'7irjHfc^» 

# ffl # If H 4 , 9 8 7, 2 6 4 §IIIi$nTV>5. 
[ 0 0 8 8 ] 

4*fcff*fc#«**l3WfcLTtt, ± IB 5$ I VCE««n*feOJ:5»^ h * -> * f g & 

-r-5fc©#3MfSft-5. ^\ + -y-^h*->^^;i/^75>«> * ivm h + ->/?;niii 

l£lJ:0^)l'*illADy> 1 »Sb<li7^lfl«$n50!ii 1 H K $? £ L V> . « 
oT. #*L^3R««ICtt. 1 £A± © ;* h * -> 7 -H'* n ^ ^ KRZf/Xte * h * =s ? 7 )V 30 

*D*^;i/g&g£W-r&*>©a<;MfSft-5. # * b v> 7 y {t ft] © 0d <h b t « , ^ 

h + -/7*tD^fJM7S>JitfA**^ F + ->-77Jl'tD^f JM75XDJ; 

7 & .?< h * z/ 7 a * ? )V - RZf* h * is i? 7 )\> * n * ? )V ■ f«^75>Rtfyja 

o^tii, as «t m tt 7 v m <t s n x v> •§ *> © a» # * u ^ . 

[ 0 0 8 9 ] 

* 93 © & % tt , ¥-«©W«&«8I©*, 0! A « , 75>-^Wm*ISJ©*-*« : jil-^ 
£ ,!: T # , Xtt2tt±©*a:*««***#"r*it*«T*f*. *T«*«*!l©ffl*£- 

t)-&tf*%m\z%^T mm 2 n% 1 1 . ^©&*£fc>tfte75>^wft3-4&K.tfx#*-> 

#Bfi©Mttfc*m*#«3R«»l©ii*tt, tfc & W 40 

j£V»«HrtT*»b#3. #&&#«*»»*£#*«$©££&&#*©»#&©&# 
»JB»*©SHCJ:»)*»b#SJ:tttSfl#JcJ:?)B»sn«Tf*55. HSWCIJ, 
«*#Jttf&/«fJ©*Sfift£S*Pfc:l/TO. 1»&8 01IX, ffSKIJO. 5*650 
S5 ©®B, <fcDff£L<tel*62 5%l;:$effl©fiT-#ft-rs. m^«l«> *fS9!©&;£ 

#Hrfcv>T&/8$ft5©#»*Lv>. 

[ 0 0 9 0 ] 

*%w<D7 * h-f^-^oifii^m^c^ta, e*icHK:ifit±©iaiD©*»**trit*«-c 

■y - . ££su,Rtf3&**§T-a&5#> £fte>©RS£3ftfcn. #*;a*fc*v»Ttt. isi 
msatt, *aittctt*iij««©7* h^ii- H*n«Ef*©K«ffl«n*. «f*>«tt«© so 
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#©*gfift£g$l;:L-T5*£ 3 Oli^CiT, 7 * hl& Jfc » * V» T Jt <ft W 

[ 0 0 9 1 ] 

f jn-f ;i'7tf-K« yntv>^ya-j^y ^f ji/x-f ;k ^ntv^yya 
> , r • ^f n?i? h>x«^n5ol^«^$tf ^ns*«, E*i&fciB£snfcv». 

[ 0 0 9 2 ] 
[ 0 0 9 3 ] 

«fc 7 it^n#5. 

[ 0 0 9 4 ] 

t vx <Dmm $> % . m * 5 * c * v» t , «ffl©7*hi<'-7 7.h©TgBJi«> 

- * 1/ 5* * hXS#Ut Fa*~>7sfl'>^-7>$&*§M©J;7ft ! b©T&-5. JJf jfc S 

t * 0 » . Ai«Kti±E?«ov>fn**ttibTS#ca*snxtt3- h s n s . 

T SB B « , 2 3 0 < CiC*ViT2^P^^T, A - H * - * $ ft , •?-©^IC*7*h'f^-> 5 
i»I«aiS«*««fl3T««C3-hS*l*. TSBBtt, $? £ L < tt , 7>h7-tr>&**©J: 

s » k « o . 4^6,iwm©jfs&wr*. #7*w;*-->?<5jfig3aj&«8i©±ai$Ji©/?$ 

tt , & M W K « 0 . 0 5 * 6 1 0 m . ff * b < tt 0 . 1*50. 5umR«J;!)»SK 
ttO. 1 & 0 . 
[ 0 0 9 5 ] 

r£fcJ6j(JQ&l~J;t>&&£ft3 ( ^ - 7 2 ti 3 ) . 3 - f- > ^ tt , ffib<li)SttAift 

>itsnfc-r^-^^4^-rn«+^-cafet), .to ®3tx^^^-«©^a 

§ . 
[ 0 0 9 6 ] 

#38 91© 7 ^ h -f ;* --7 pJfEI&fifc^tt, 248, 193, 157nm&tfll~15nm 
pIHfi|£«»:, dS«SnftHA«, e - K - A . -f *>K-AStfX»*©ll<!)* 

[ 0 0 9 7 ] 

g K 31 £ llfc £ > £ © 7 4 ;P A ± «5 @ tt . ot«m 6 otcii© 
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» J* "T * . U%V'J7hZ> ^ )V h\t, frMitr h 7 7 )V*)V7 >t--) A©±5&*8Hb 
%WW7 >*~V $? S L < « 0 . 1 5 )^ 0 . 2 6N*lftfF^f;i'7> ; £ 

rn;if^7S>, n-yntf7S>, ^I?JP75>, F 'J If Jl^7 5 >XI^ 
f^^if ^75>fflJ;pfi;t«ffl75>IS; i?x^y-;U75>, h »J x * y - )V 7 
S. > © J; v & 7 )V n - )V 7 5 y ; tfD-;i/Rr;tru^>^©^^75>(DJ;o^@ttS# 

[ 0 0 9 8 ] 

JPr^*Jni©lkT, l^S?Xh©±«JiRtfT*Ji5R*tt. S#^T?&»©£ 10 
j» O « « * * ft « ffl L T JO I * # * 6 * * s n# * . 
[ 0 0 9 9 ] 

# 7 * h-f^-3?15I*til**tt, y * h V V 7s h#Al!«lfcttJB3*l*£T©JB3fcfc*V* 
TIITJS. T-f ^nyD-fey*-2ttflS©»8!IIII»«ft©*«ffl©^y a> 

- 8Hb 7 ^ 3 X 7 A , fflMb # U 9 A > 5 * , ft! , ^7^, (sp 

[0100] 20 

isnts. r^ftSj i MU -*7c**aiB*«»rbT3ttt»«l*ailS-a-*tt*© 
)\>9~. I)tT, 7-f V *6#W*S2!m«i&#**»J|llf 6*lS#, -11*16 

fcPSft$*i& v>. #rfr5g&s&te, ifc, fi^^xa^ii^^setoviT© 

J;5^iii(iS.z/^0#x©i:5^Stt«tfigtt*^ ; fir-r5^<h^T#?). ififsgltbTWffl 

F-7*»©WC*S. #r ^ -5 F - 7* #J te , a»»T?6<»6*lTV»*. ft o T . fg 41$ £ 
LT©ttJBfcMfc#*«Ktt. l£l±©F-7*aifc£&. 

[0101] 30 

#f£fpJ©g&SSte, ^*©g&8£LTXttlE^3n£gfcK<fcl/T$ii§3n#5. #r 
5 g & 8& # E ?"J i L T PI Si S *l -5 a> i: 5 jMa , AftWfcJB&lCft^L, m m% V>mtl Oi& 

[0102] 

V> T . ft & & K . KRjett3*l&V»#, 7{; *)->?-7-4 > V ( X fit * * U 
->7'J>f-f>^) > 7J-T->3--r^>7> a-5-n-^w>^, * d -y h a - X 
^ > :7\ Xlf>a-f 77 , vH3-'r-Y>f (flood coat ing) , 
» « 7. 7* V - s X7^3-r^>^, fft3-f-f >^XIiK7-f 7^VAtLTOJ: 
iftttlofRCiO, **±»:*a*«©)i**ttCitllStt*ctfcJ:OII«**i# 

* . *5e«©ii«**«xyi/-3-h**i*i:#, apjn^yi/-^f>*». tt * £ « jb a *i 40 
a#*j*c-3v»T©s#fc^»-r*«k5ii»3*i#*. » * is * £ i* -r * fc » k: »» fc tt 

*©£#:#, #ttJft«i:#fcttfli3*l»<&. fflSS*HT(l, 7U>hE«8*Rtf 
*«0IS©«fc5a:* ; FS«©«JfiC*v>TttfflS*i*S#3i«*Kf6*i*^, C *l 6 KB ft 

Dj ) #5 Ptf6*l5. 
[0103] 

«f**«flstt, jgtf*ifc#fc ©£££&# U*«©IS$ $ 0 #5. ffiS&ilfttt, n so 
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tt, SI (W*, 2 5t) *5 1 7 Ot©ffi(Dl*l:*l»TftSn#«. Jtf * W it it 
, 5^*53 O»0»«l:bfc.O4U4. #f * 3 ® ft « > *-^>>f TXtt*y h^l'- 

[0104] 

s ft © & , s#:±ic^fm$n5*ija^%(D^«, *nfrt>m)£U7-hy-9x\f?z? 

*aLTft^i&T©g7fcKJ;>3'f*-^S*l5. @ # l£ $ V> T > & , *n*&4 o 

1 7 OtOj|gl:*^TSft$n5. «flSl$Wtt*ftL#«a«, - J& W IC « ift 3 0 
#*6»1I»I«T**. aHK»3fEStl*fcWTI4av>*t, ft ^ i& T © & # K & L T -> ;P 

•t^ u rfv-wt, &££«©&*!$ t*«f*. sftfc&fct. 10 

* * 0 . 15*50. 2 6 N © * $ it 7- Y 7 7 )V * ^ 7 > * - 7 A © «k 5 ft , 0. 1*6 
0. 3N©ISTilI$ns. £ ft © B ft li . ^H#©|g^©lgfflrtT*€>. #r * 5 Si 

ft«. ^ia*e,*«jioo , c©j:p^^a^ia^ir*v^T^$n#-5. »r*<5 3i 

[0105] 

i«i:iv>x. mmmfc iixu u 7 n -is \z m 2 n-s z t **-?£ -5 . #r 20 

* -5 « *S « ft IS 43 v> t « > ^ i£ & W: , £ $u Xl*&mxte7 )l J ><d £ ? te^ft 

iic*v>ti 3 0 "C * e> 2 2 5 v <Dmm\z&\,*Tm®2 nn % . #f * s a '* gg ft 1 e « 
, a#*«©*i£flg«-r* 1 1 *>fc, ««©8***m-r* ^ t^fcj: 0 ->;nr^ + * 

**>#UT-*6©fc H D * 3/ ©»£€£& L, SSfi$ 
□ 7^-)^^IL 4&jf ©ft^j§i&#ft£&»-f 5. 
[0106] 

ft ^ ifc & tt , ftIWi;a7Syi'7'; HJtl, © £ 9 s> K « , nTfctfc'CTfi^JBW 
*SWr*. #KWffifc#tt8tt, 1. 4*61. 5 5CDlfr*Slrt5 3 7Stt5. 
AMMICH. ffl&^7 7 h'H, 1. 3*51. 540lKi$$«t§. 
[0107] 30 

? 7 v \* m \tgt® \z&# ± \zmm 2 n z> <d w & & v ^ . %hh ? ? v vm&y * h 8? ft ft 
X « $ ® ft ft T $> z ft 6 « . f tiBl-igc*HT^7>ir-> Mlk3n#5. 7 * h 

S-^';Flil-XBI&?nAl». L * b * 5 , JS-*5vl*Jlfttf8:2*? 
y K JI © JB #t $ « . |h3-T*-S^£-C*3. ir HItt, -E- © & g ft £ ti > X«7 

* h«fl3tt«j««©»^fc*i»Ttt-f^-s?sn. #&&#ti&£jj§&-r-s. 

[0108] 

->;H:X*^ + U->^Urf-7-S.^#U-7-tt, #ftg&&©;7 5y H S. / Xtt □ 7 Id 
^tt-S&fflKtfitT&S. jfSKtt, # ft IB £ ft (pho t ode f i nab 1 e) & 40 

zt 1 &±<DG®m®Mz$tiKmfe&is.f$.vi<D®ft&te, at *? $ n -s iw±©m*f$ys.tf 

* * » , s#?sns^«ifiij©a«&^acf£:i;T, DTxuH^tfti/TSit&t) 

[0109] 
[0110] 
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«»»»»J^^*^***.fc5 0ml-QAjfc7?X:3tt, 1 0»H, 4*7 5r> 
3.$n> Pd (OAC) ,1 OmgRUh^iril'*^?^ >4 0mgS^FJH>l 
Oml*i35«$nfc. S & <Mr MU *iITiJI#attfc. 2 g © p -7th*->Xfl/>*«S 
w « ( £ x - g ic ) m ft] £ n , §l€?$£4. 5goh'j^nD->7>*s®THIln 
$ nfc. 5 ott*v>xi oi»ib, «#sn, *©&#&Rtf*£JStiifS^jt 

«^@lcJ:Di^*Stlfe. a - * ^ ;P , 4 ■ 7tf JK^i'^h^DDi/^X^SiJ^ 
® ifi , 1 H & 1 3 C NMRIIiUSiSn, 9 5%<DiK$T4^t/S: 
[0111] 

HJfi 09 2 : a - 4 - 7tf JK>i?^b 'J ^ D Di/7 >*«ffl lfc#'JV-#)$ 

!HfcJfi©l, 4 • 7i-V>y7S>, h'JIf Jl'7$>S«i&IICTHF©gSli 1 - 10 
1 5 tC^HTgtai® X>tl;|fai©o - 4 - 7tf;K>i?JH>'Jir 

n o 5/5 >s^w-r* = □ 7 5* 3 fc«T trains nfc. c ©fc#»4flss ic*5v>t ( - 

1 5t) l;*^T3 0^r«^?n, ^ © & , R»t©*Stfh'Jlf*7S>StfTH 
F it - 5 "C IC *5 V> T 7 7 Z a \ZffiT LTmtSa £ nfc. £ © il £ *H4 , Hfc3P*Wl£©fia 

« $ n . 

[0112] 

±IER«* 6©«»»tttt, 7 —>-7 (4*>^XFD-A) Rtfft6&&©h 

UlfJl'7S>0#lET, 5 0tl:*HT7 21^^. jg^Snfe. 7 2ili©t < # 'J 7 

I^iOTHFTjSiSn, * T tt 18 £ tl (20) > 5 0tl;*Ut, 24IS, 

[0113] 

21 J6 04 3 : 7* hl/i?^ Mfi&tf'J h7*77^-ll0X 
[0114] 

[0115] 30 

# 'J v - , & & K ft] fll (hDi?t-Si (Troge r' s base) ) & # BJ « £ 
JW (RO-8#E«M) /PlfI/>i'U3-JMf JH-f^7tr-h (PGM 

ea) ©#&£ Lxmia^ titc. 7*hK«£aiHU ISSif^SSiUittJnfc. 

E^$n&I/^^h©Ii^)giyi/>MJ, 9 0 : 10v/vPGHEA:JlfilfJl'-e 
14, *g0J§*# ® < ± V -77. h $L%) ©6. 5 fift/1--fe > h ©M© M D T & *g 

Si»SI!pi;l/T2. 9fi*/t--t>h©a©t -7^Ji'7i-;i/^7x:^;i/7.;i'*r. 

8B*»*S»tLT 0. 5 6 3 li^-t>h©lTffSt5. # ® fg flj (RO- 8 
. 3 MtfcH) 14, «HJB»feS*CbT 0 . 2lt/t-t> hOlTffttS. 40 
[0116] 

T SB JS & /« & 14 , 18. 2 6«fi/'<--fc>h©B^#T?K£2nfc.±j£:JH4, PGME 
A : VLWtX? frV^-ftlfrOtemt b TM £ *l, 8 0 : 2 0 v/vPGMEA:ISl 

[0117] 

T SB 1 & fifc & , % « ftl . J»ttB4fl»tf*iB»ttai®l*#fr&&*. # U T 

- J* # tt , 7 x / - * y # 5 y 7 «f II & , 7>h5t>, ^*7^'JI/-K tFa 

*->if;M^i"jP-hsr/^f JM?^'ji/-h*ttl-5 3!t5»j7-©iii7i/> 

H * 6 ft: * . £ «HN tt , TS5/Iiafi!c«3©*gB^#©l 5liA-t>htlT#at«^ SO 
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-t>htl/T#ftt5t=lra 7 5 5 2 4 Tfeofc, # ® ffi #J « > *g @ J£ # © 0 . 38 
§A-t>btH#fit5R - 0 8 T & o £ . 
[0118] 

^co«t'5{cUh^5^'r-Jax$nfe. T as H *a & « . ->u n>f i-ai: 

Xfc!>ri-h2tK 1 7 5"CC^V)T6 0^SftStl> 5 1 0 0*>^7 hn-Ai$© 
a - x 4 >>fmzm&?Z>o ± 95 JI ffi « tt , T!»i±liXlf>a-f3ti, 9 0t« 
V> T 9 0 IHBK K-^Stlfc. fctfPS^MItt, f Ot7 2 

4 8nmSSt«tlXJn, 9 0 t l:*UT 9 0 ftgJIt^-^Sn, 0. 2 6N7 

)v* v *%w.~zmmt<nrz. 10 

[0119] 
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1 Title of Invention 

PROCESSES FOR PRODUCING SfLANE MONOMERS AND POLYMERS AND 
PHOTORESIST COMPOSITIONS COMPRISING SAME 

2 Claims 

1 . A method Tor preparing a photoresist composition, comprising: 

a) producing a monomer by reaction a vinyl caibocycllc aryl ester 
compound with a silanc compound and polymerizing the monomer to provide a 
siloxane polymer; 

and 

b) admixing the polymer with a photoactive component 

2. The method of claim 1 wherein the carbocyclic aryl compound is a 
substituted phenyl compound. 

3- The method of claim 1 wherein the carbocyclic aryl compound has the 
formula CHj«CH-C$I U-ester. 

4. The method of claim 3 wherein Ac ester is -OC(=0)R wherein R is 
optionally substituted Ci^alkyK 

5. The method of claim 3 wherein the ester is ^X^OyCll^ 

6. Tbe method of any one of claims 2 through 5 wherein the phenyl group 
is 1,4-substitutcd or 1,3-substituted, 

7. The method of any one of claims I through 6 wherein the silanc 
compound is selected from the group consisting of a trihalosilane, a trihydroxysilane, 
and a trialkoxysilane. 

$, The method of any one of claims 1 through 6 wherein the silanc 
compound is a trihalosilane. 

9. The method orany one of claims 1 through 6 wherein the silanc 
compound is a trichlorosilane. 
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10. The method of any one of claims 1 through 9 wherein the silane 
compound and the cajbocyclic aiyl compound are reacted in the presence of a 
phosphine reagent. 

11. The method of claim 10 wherein the phosphine reagent is a 
iriphcoyiphosphine. 

12. The method of any one of claims 1 through 11 wherein the silano 
compound and the carbocyclic aryl compound arc reacted in the presence of a metal 
catalyst. 

13. The method of claim 12 wherein the silane compound and the 
carbocyclio aryl compound are reacted in the presence of a palladium compound. 

14. The method of claim 13 wherein the palladium compound is a Pd(D) 
compound. 

15. The method of any one of claims 1 through 14 wherein the siloxane 
polymer is obtained by polymerizing the monomer In the presence of compound 
having multiple reactive nitrogen moieties to provide the siloxane polymer. 

16. The method of any one of claims 1 through 15 wherein the photoresist 
composition is a chemically-amplified positive-acting resist 

17. The method of any one of claims 1 through 15 wherein the 
composition is a negative-acting resist. 

1 8. The method of any one of claims 1 through 17 farther comprising 
applying a coating layer of the photoresist composition on a substrate; exposing the 
photoresist coating layer to patterned activating radiation; and developing the exposed 
photoresist coating layer to provide a resist relief image. 
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19. The method of claim 18 wherein an organic polymer composition is 
applied to the substrate and Ac photoresist composition is applied over the polymer 
composition. 

20. The method of claim 18 or 19 wherein the photoresist layer is exposed 
with radiation having a wavetength of less than about 30O nm. 

21. The method of claim 18 or 19 wherein the photoresist layer is exposed 
with radiation having a wavelength of less than about 200 nm. 

22. The method of any one of claims 1 8 through 19 wherein the substrate 
is a microelectronic wafer. 

23. A photoresist composition comprising a photoactive component and a 
riloxane polymer obtainable by producing a monomer by reaction a vinyl carbocyclic 
aryt ester compound with a reactive sllaoe compound and polymerizing the monomer 
to provide a siloxane polymer. 

24. The photoresist composition of claim 
compound Is a substituted phenyl compound. 

25. The photoresist composition of claim 23 wherdn the carbocyclic aryl 
compound has tbo formula CHj-CH-CjlU-ester. 

2d. The photoresist composition of claim 25 wherein the ester is 
-OC(=0)R wherein R is optionally substituted C,^alkyl. 

27. The photoresist composition of claim 25 wherein the ester is 
-OC(-0)CHj. 
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28. The photoresist composition of any one of claims 24 through 27 
wherein the phenyl group is 1 ,4-substituted or 1,3-substituted. 

29. The photoresist composition of any one of claims 23 through 28 
wherein the silanc compound is selected from the group consisting of a irihalosilano, a 
trflrydroxysilane, and a triallcoxysilane. 

30. The photoresist composition of any one of claims 23 through 2S 
wherein the silanc compound is a trihalosilane. 

3 1 . The photoresist composition of any one of claims 23 through 28 
wherein the silanc compound is a trichlorosilane. 

32. The photoresist composition of any one of claims 23 through 3 1 
wherein the silane compound and the carbocyclic aryl compound am reacted in the 
presence of a phosphinc reagent 

33. The photoresist composition of claim 32 wherein the phosphinc 
reagent is a tripheoylphosphine, 

34* The photoresist composition of any one of claims 23 through 33 
wherein the silane compound and the carbocyclic aryl compound are reacted in the 
presence of a metal catalyst 

35, The photoresist composition of claim 34 wherein the silane compound 
and the carbocyclic aryl compound arc reacted In the presence of a palladium 
compound. 

36. The photoresist composition of claim 35 wherein the palladium 
compound is a Pd(II) compound. 



t 
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37. The photoresist composition of any one of claims 23 through 36 
wherein the siloxanc polymer Is obtained by polymerizing the monomer in the 
presence of compound having multiple reactive nitrogen moieties to provide the 
siloxane polymer. 

38. The photoresist composition of any one of claims 23 through 37 
wherein the photoresist common is a ^ 

39. The photoresist composition of any one of claims 23 through 37 
•wherein the composition is a negative-acting resist. 

40. A method of forming a photoresist relief image, comprising: 

(a) applying a coating layer of a photoresist of any one of claims 23 

through 39 on a substrate; and 

(b) exposing and developing the photoresist layer to yield a relief image. 

41. The method of claim 40 wherein an organic polymer composition is 
applied to the substrate and the photoresist composition is applied over Ibc polymer 
composition. 

42. The method of claim 40 or 41 wherein the photoresist layer is exposed 
with radiation having a wavelength of less than about 300 nm. 

43. The method of claim 40 or 41 wherein the photoresist layer is exposed 
with radiation having a wavelength of less than about 200 nm. 

44. The method of claim 40 or 4 1 wherein the photoresist layer Is exposed 
with radiation having a wavelength of about 248 nm or 193 nm. 

45. An article of manufacture comprising a microelectronic wafer substrate 
or flat panel display substrate having coated thereon a layer of the photoresist 
composition of any one of claims 23 through 39. 
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46. A method for producing a Si polymer comprising: 

producing a monomer by reaction a vinyl carbocyciic aryl ester compound 
with a reactive silane compound and polymerizing tho monomer to provide a siloxane 
polymer. 

47. The method of claim 46 wherein the carbocyciic aryl compound is a 
substituted phenyl compound. 

48. The method of claim 46 wherein the carbocyciic aryl compound has 
the formula CHj=CH-C 6 H4-ester. 

49. The method of claim 48 wherein the ester is -0€(=0)R wherein R Is 
optionally substituted C^alkyl. 

50. The method of olaim 48 wherein the ester is-OC(=0)CH3. 

51. The method of any one of claims 47 through 50 wherein the phenyl 
group is 1,4-smstitutcd or 1,3-substituted. 

5Z The method of any one of claims 46 through 51 wherein the silane 
compound is selected from the group consisting of a trihalosilane, a trihydroxysilanc, 
and a trialkoxysilane. 

53, The method of any one of claims 46 through 52 wherein the silane 
compound is a trihalosilane. 

54. The method of any one of claims 46 through 52 wherein the silane 
.compound is a trichlorosilane. 
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55. The method of any one of claims 46 through 54 wherein the silane 
compound and the caibocyclic oiyl compound arc reacted in the presence of a 
phosphine reagent 

56. The method of claim 55 wherein the phosphine reagent is a 
triphenylphosphine. 

57. The method of any one of claims 46 through 56 wherein the silanc 
compound and the carbocyclic aryl compound arc reacted in the presence of a mcta] 
catalyst. 

58. The method of claim 57 wherein the silane compound and the 
carbocyclic aryl compound are reacted in the presence of a palladium compound. 

59. The method of claim 58 wherein the palladium compound is a Pd(ll) 
compound. 

60. The method of any one of claims 46 through 59 wherein the siloxanc 
polymer is obtained by polymerizing the monomer in the presence of compound 
having multiple reactive nitrogen moieties to provide the slloxane polymer.. 

61 . A polymer obtained by a method of any one of claims 46 through 60. 

62. A method for producing a Si monomer comprising: 
reacting a vinyl carbocyclic aryl ester compound with a reactive silane 

compound to provide the monomer. 

63; The method of claim 62 wherein the caibocyclic aryl compound is a 
substituted phenyl compound. 

64. The method of claim 62 wherein the carbocyclic aryl compound has 
the formula CHz=CH^H4-estcr. 
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65. The method of claim 64 wherein the ester is -OC(- 0)R whereto R is 
optionally substituted Chalky!. 

66. The method of claim 64 wherein the ester is -OC(=0)CH 3 . 

67. The method of any one of claims 62 through 66 wherein the phenyl 
group is 1,4-substituted 0 r ] ^-substituted. 

68. The method of any one of claims 62 through 67 wherein the silane 
compound is selected from the group consisting of a trihalosilanc, a trihydroxysilane, 
and a trialkoxysilane, 

69. The method of any one of claims 62 through 67 wherein the silanc 
compound is a trihalosilanc, 

70. The method of any ono of claims 62 through 67 wherein the silane 
compound is a trichlorosOanc. 

71 . The method of any one of claims 62 through 70 wherein ihc.sllane 
compound and the carbocyclic aryl compound are reacted in the presence of a 
phosphinc reagent. 

72. The method ofclaim 71 wherein the phosphinc reagent is a 
trlphenylphosphine, 

73 . The method of any one of claims 62 through 72 wherein the silane 
compound and the carbocyclic aryl compound are reacted in the presence of a metal 
catalyst 

74. The method ofclaim 73 wherein the silane compound and the 
carbocyclic aryl compound are reacted in the presence of a palladium compound. 
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75. The method of claim 74 wherein the palladium compound is a Pd (II) 
compound 

76. The method of any one of claims 62 through 75 wherein the siloxanc 
polymer is obtained by polymerizing the monomer in the presence of compound 
having multiple reactive nitrogen moieties to provide the siloxanc polymer 

77. A monomer obtained by a method of any one of claims 62 through 76. 

78. A compound that is CHj(SiCb)CH-QH4-ester. 

79. The compound of claim 78 wherein the ester is -OC(=0)R wherein R 
is optionally substituted Ct^alJcyl. 

80. The compound of claim 78 wherein the ester Is -0C(=O)CH3. 

8L Tho compound of any one of claims 78 through 80 wherein the phenyl 
group is 1,4-substituted or 1,3-substitulcd. 

82. A method for producing a photoresist composition comprising: 
providing a SI polymer by steps comprising producing a monomer by reaction 

a vinyl carbocycljc aryl ester compound with a reactive silane compound and 

polymerizing the monomer to provide the SI polymer; and 
admixing the polymer with a photoactive component 
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3 Detailed Description of Invention 

BACKGROUND Of THE INVENTION 

1, Field of the Invention 

The present invention relates to new Si-containing monomers and methods of 
synthesis of such monomers; polymers produced from such monomers; and 
photoresists that contain such polymers as a resin components. Photoresists of the 
invention arc particularly useful for multilayer lithographic processing. 

2, Background 

Photoresists are photosensitive films used for transfer of images to a substrate* 
A coating layer of a photoresist is formed on a substrate and the photoresist layer is 
then exposed through a photomask to a source of activating radiation. The photomask 
has areas that arc opaque to activating radiation and other areas that are transparent to 
activating radiation. Exposure to activating radiation provides a photoinduced 
chemical transformation of tho photoresist coating to thereby transfer the pattern of 
the photomask to the photoresist-coated substrate. Following exposure, the 
photoresist is developed to provide a relief image that permits selective processing of 
a substrate. 

A photoresist can be cither positive-acting or negative-acting- For most 
negative-acting photoresists, those coating layer portions that arc exposed to 
activating radiation polymerize or crosslink in a reaction between a photoactive 
compound and polymcrizablc reagents of the photoresist composition. Consequently, 
the exposed coating portions are rendered less soluble in a developer solution than 
unexposed portions. For a positive-acting photoresist, exposed portions are rendered 
more soluble in a developer solution while areas not exposed remain comparatively 
less developer soluble. 
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The increasing density of integrated circuits has created a need for higher 
resolution patterning capabilities. One method of improving resolution involves using 
a shorter wavelength light during pattern formation. Shorter wavelengths of 
approximately 200 to 280 nm may he obtained by using a deep UV ("DU V*) source 
such as a mercury/xenon ("llg/Xer) lamp with appropriate filters. Additionally, KrF 
(248 nm) or ArF (1 93 nm) excimer lasers may be used as exposure sources. 

In addition to using shorter wavelengths during exposure, it is also desirable to 
use a thinner layer of resist* However, the major drawback of using a thin layer of 
resist Is that Ac variation of resist thickness over a diffusion step on a substrate and 
into an etched pattern increases as the partem size becomes smaller. This variation 
means that the dimensions of any pattern being imaged in the resist will vary as the 
step geometry is traversed. Therefore, in a single layer resist system, the lack of 
dimensional control on the wafer can create different line widths throughout the resist 
which reduces the quality of the electronic package. 

To improve dimensional control, btlayer (or bilevel or multilevel) resist 
systems have been utilized. In a typical bilevel system, a bottom resist is first applied 
to a substrate to planarizc wafer topography. The bottom resist is cured and a second 
thinner Imaging top resist is then applied oyct the bottom resist. The top resist is then 
soft baked, and patterned (or imaged) using conventional resist exposure and 
development, followed by etch transfer of the top pattern through the bottom resist 
using the top resist pattern as an etch mask. See, generally, Sugjyama et aU Positive 
Excimer Laser Resists Prepared with Aliphatic Dtazoketones, Soc> Plastics Eng., 
Conference Proceedings, pages 51-60 (Nov. 1988); and U.S. Patents 4,745, 169; 
5,338,818; 5,691,396; 5,731,126; 6,296,985; and 6,340,734. 



SUMMARY OF THE INVENTION 

We have now found novel Si-containing monomer and siloxane polymers 
produced therefrom and methods for synthesis of these monomer and polymers. 
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Polymers produced through methods of the invention are particularly useful as a 
photoresist resin component. 

Preferred monomer syntheses of the invention include reacting a vinyl 
carbocyclic aiyl ester compound with a reactive silane compound. 

Preferably, the carbocyclic oryl compound Is a substituted phenyl compound; 
e.g. a compound of the formula CH^I-C^-cstcr. Tbat ester group is preferably 
of the formula-OC(«0)R wherein R is optionally substituted C,^alkyl preferably an 
acetyl group I.e. -OC(=0)CH3. The phenyl group can be substituted in any number 
of positions e.g. 1,4-substitutcd or 1,3-substitutcd. The carbocyclic group also may bo 
suitably substituted at ring positions by groups other than an alkene and ester, e.g. by 
halo, Ci4alkoxy, C H atkyl, nitro, cyano, etc. 

A variety of reactive silane reagents may be employed, with trihabsilancs. 
trihydroxysibnes, and trialkoxysilanes being preferred. Particularly preferred are 
trihalosilanes, especially trichlotosilane. 

Preferably, the silane compound and the substituted carbocyclic aryl 
compound are reacted in the presence of a phosphlnc reagent such as a • 
triphcnylphosphinc or other suitable phosphinc reagent. Even more preferred Is to 
conduct the reaction in the presence of a metal catalyst, such as a palladium reagent, 
particularly a Pd(H) compound. 

The reaction preferably adds the silane reagent across the vinyl group, 
particularly forming a carbon-Si bond to the mote substituted alkene carbon. In the 
case of a vinyl phenyl compound, the reaction preferably provides a benzyHc silane 
group. More particularly, by reacting the carbocyclic aryl compound of 
CH 3 »CH-QH4-ester with a trihalosilane, a preferred reaction product is 
CH 3 CH(SI(halo)j)-C6H<-ester. That monomer then can be polymerfccd to provide a 
siloxane polymer. As discussed below, preferred methods of polymerization include 
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polymcrizing the Si-monomer in the presence of compound having multiple reactive 
nilrogcn moieties to provide the sjloxane polymer 

Polymers of the Invention are particularly useful as a resin component of a 
photoresist composition. Typical photoresist compositions of the invention will 
contain a photoactive component, e.g. one or more photoacid generator compounds. 
Chemically-amplified positive-actmg photoresists will contain a component that has 
one or more photoacid-labile deblocking groups, e.g. a photoacid-labilc acetal or ester 
group such as t-butylester or adamantylester. Such photoacid-labilc group(s) suitably 
will bo substituents of silicon-containing resin, c.g. the photoacid-labite moiety may 
be grafted onto a phenolic group of a formed porymer.but the resist also may contain a 
separate component such as a separate oligomer or polymer that contains such 
photoacid-labile gioup(s). Negative-acting resists of tho invention typically will 
contain an agent for crosslinking of one or more components of the resist, typically a 
separate crosstlnker component such as an amine-bascd reagent, eg, a melamino or 
benzoguanamine resin. 

Photoresists of the invention are particular useful for imaging at deep UV 
wavelengths, particularly sub-300 nm wavelengths such as about 248 nra. 
Photoresists of the invention also can be imaged at shorter wavelengths, e.g. sub-200 
nm such as 193 nm and 157 nm. 

Photoresists of the invention arc preferably employed m multilayer 
lithography systems. More particularly, preferred uses of resists of the invention 
include application of a fust organic polymer coating on a substrate, e.g. a 
microelectronic wafer, and applying thereover a photoresist of the invention. The 
organic bottom layer suitably may be non-phctolmageable (e.g. not contain a 
photoacid generator compound) but thermally crosslinkcd prior to application of the 
top resist layer. The bottom layer may comprise a phenolic polymer such as a 
novolac admixed with a thermal acid generator compound and a crosstinker. Use of 
such a bottom layer can enable application of very thin top resist layer. 
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The invention also provides methods for forming relief images, including 
methods for forming a highly resolved relief image such as a pattern of lines where 
each line has essentially vertical sidewalk and a line width of about 0.40 microns or 
Jess, and even a width of about 025, 0,20 or 0.16 microns or less. The invention 
farther provides articles of manufacture comprising substrates such as a 
microelectronic wafer substrate, optoelectronic substrate or liquid crystal display or 
other flat panel display substrate having coated thereon a polymer, photoresist or 
resist relief image of tho invention. The invention also includes methods to produce 
such articles of manufacture, which comprises use of a photoresist of the invention. 

The invention also includes monomers and polymers obtainable or obtained by 
a method of the invention. Other aspects of the invention are discjoscd Infra* 

DETAILED DESCRIPTION OF THE INVENTION 

As discussed above, preferred monomer syntheses of the invention include 
reacting a vinyl carbocyclic aiyl ester compound with a reactive silane compound. 

The following exemplary Scheme I depicts a preferred synthesis of the 
invention with preferred reagents and conditions. Jt will be understood however that 
that a variety of other compounds and conditions can be employed in a similar manner 
as described below with respect to the exemplified compounds and conditions. 
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As shown in Scheme J, vinyl ester carbocyclic aiyl compound i is reacted 
with reactive silanc reagent 2, which is shown as a preferred trihalosilanc reagent As 
discussed above, the reaction is preferably conducted in the presence of a phosphine 
reagent such as a triphenylphoshinc and even more preferably in the presence of a 
metal catalyst, such as a platinum* nickel, palladium or other suitable catalyst, 
preferably a palladium catalyst such as a Pd (II) reagent 

The reaction can be conducted under a variety of conditions. Optimal reaction 
conditions can be readily determined empirically for any particular system. One 
particular protocol provide charging a reaction vessel with the substituted carbocyclic 
aiyl reagent and phosphine and metal catalyst if employed in a suitable solvent such 
as tctrahydrofuran or an aromatic solvent such as toluene or xylenes. To that mixture, 
the reactive silane reagent can be added over time, and the complete reaction mixture 
stirred until reaction completion, typically at an elevated temperature such as at least 
about 40°C, 50*C, 60*C or 70 6 C to provide monomer 3. Sec Example 1 which 
follows for exemplary preferred reaction conditions. 

Monomer 3 then can be polymerized with itself or with other monomers to 
form higher order polymers. After formation of polymer 4, the ester of the 
carbocyclic aryl group con be cleaved (e.g. hydrolyzcd) to provide the corresponding 
carbocyclic aiyl with alcohol substitution, e-g. a phenolic group as generally 
exemplified by polymer 4 in Scheme I above. The ester can suitably be deprotecied 
by treatment with strong base or other appropriate procedure. The thus produced 
carbocyclic aryl alcohol (e.g. phenol) also then can be further functionalized, e.g. by 
reaction Wilh a vinyl ether to provide a pbotoacid-labilc acctal group, or with acid 
chloride to provide a photoacld-labile ester. The value m of polymer 4 suitably can 
vary widely for any particular polymer, e.g. from 5 to 10,000, more typically 10, 20, 
30, 40,50, 80 or 100 to about 1,000,2,000,3,000, 4,000 or 5,000, at feast for many 
photoresist applications. 



( 45 ) 



JP 2004-38143 A 2004.2.5 



-7- 



As mentioned above, preferred methods for polymerizing a monomer 
produced in accordance with the invention include reacting the monomer in the 
presence of compound having multiple reactive nitrogen moieties to provide a 
siloxane polymer. 

Without being bound by any theory, it is believed the poly-nitrogen compound 
can serve as an effective "template* onto which the reactive silane compounds 
reagents can link during the course of the polymerization. The nitrogen compound 
then substantially withdraws from the polymer matrix and is not substantially 
incorporated into the final polymer. Such withdrawal of the nitrogen compound is 



into the final polymer. j 

In a preferred aspect, a plurality of distinct silane reagents may be employed in ; 
the polymerization reaction, e.g. at least two, three or four distinct silanc reagents are i 
polymerized to provide the corresponding copolymer, tcrpolymcr, telrapolymer or 

pcntapolymer. For example, one silane reagent may have a photoacid^labite • 
subslitucm such as a pbotoacjd-labile ester or acctal, and another distinct silane 

reagent may have a dissolution control group such as a hexafluoropropanol group, ] 
Suitably, such groups may be substituents of a carbon alicyclic or heteroalicyclic i 
moiety of a silane reagent. 

The nitrogen-containing "templating" reagent preferably comprises one or 
more amine groups. Primary amines are generally preferred, but secondary and even 
tertiary amines also will be useful. 

Particularly prercned nitrogen-containing 'IcmpJating" reagents arc small 
molecules, e.g. ha ving a molecular weight of less than about 500, more preferably a 



facilitated by the relatively weak Si-N bond that is believed to exist during the 
"templating 11 process. Some amounts of the nitrogen-containing compound may be 
incorporated into the polymer, but typically at least about 60 f 70, 80 or 90 mole 
percent of the nitrogen-containing compound utilised in a reaction is not Incorporated 
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molecular weight of less than about 400, 300, 200 or even 1 00. Such small molecules 
facilitate optimal positioning orihe silane reagents during the polymerization. 

Particularly preferred nitrogen-containing "tcmplating" reagents ako have a 
relatively rigid structure to further optimize positioning of silane reagents during the 
polymerization reaction. Thus, cyclic compounds having nitrogen substitution are 
preferred templaiing reagents, such as carbon alicyclic, hetcroaJicyclic, carbocyclic 
aryl or hetcroaronmtic compounds having one or preferably two or more nitrogen 
groups either as ring members or as substituents to the cyclic compound. Carbon 
alicyclic, hctcroalicyclic, carbocydic aryl or heteroaromatic compounds having 
multiple amine substituents are particularly preferred. An especially preferred 
templatmg reagent is a diamine phenyl compound. 

While such more rigid tcmplating reagents may be particularly preferred for at 
least some applications, non-cyclic templatmg reagents also will be effective such as a 
noncyclic Cm* a&yl or Cmj alkoxy having one or more nitrogen moieties, 
particularly amine moieties. 

The following Scheme U depicts a preferred polymerization method as 
discussed above. For the purposes of exemplification only, particularly preferred 
compounds, reagents and conditions are depicted in the following Scheme II, and as 
with Scheme 1, it will be understood that a variety of other compounds and conditions 
can be employed in a similar manner as described below with respect to the 
exemplified compounds and conditions. For instance, in Scheme U betow, a number 
of preferred silane reagent substituents (Ri) that arc not displaced during the reaction 
are depicted; a wide variety of other non-displaced substituents also may be 
employed. Scheme H also depicts the particularly preferred nitrogen-containing 
templating reagent of 1,4-diaminc phenyl, but a variety of other tcmplating reagents 
also may be employed. 
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Thus, as shown in the above Scheme 11, reactive silane compound R|-SiCb 
wherein Rl is preferably the protected caibocyclJc aryl group shown fn Scheme I 
above, is admixed with the compound having multiple nitrogen groups (1.4- 
diaminophcnyl). Suitably* the silane and tempJating compounds are admixed at 
reduced temperatures e.g. 0°C or less and in a suitable solvent such as tcirahydrofuran 
or other ether, or an aromatic solvent such as toluene, xylenes, and the like* 

Preferably the reaction is conducted in the presence of base, e.g. an organic 
base such as Iriethylamlne. Suitably, the nitrogen-containing compound can be added 
over time to a reaction vessel charged with one or more silane reagents. 

After the reaction addition is complete, a slight molar excess (relative to silane 
reagent)) of water can be added to the reaction mixture to promote the self-assembly 
reaction. The reaction mixture then may be stirred and significantly neutralized by 
addition of waltr and dried, eg. by addition of anhydrous sodium sulfttc with 
overnight stirring- 
Removal of the complexed nitrogen-containing tempting reagent can be 
accomplished by the further addition of water and base (e.g. an organic base such as 
irlcthylamine) and increased reaction temperature, e.g. to above room temperature 
such as to about 40*C, 50°C, 60* C, 70 6 C or greater. The reaction mixture can be 
agitated at such elevated temperature until reaction completion, e.g. 12, 24, 26, 48, 74 
or more hours. At that point, the reaction mixture can be neutralized and the polymer 
Isolated, washed and dried. See Example 2 which follows for exemplary preferred 
reaction conditions. 

As discussed above, the protected ester (e.g. acetoxy) of the silyl compound 
can be deprotcctcd such as by basic hydrolysis after formation of the polymer to 
provided the carbocyciic aryl alcohol, particularly the phenol as depicted in Scheme I 
above. 
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As referred to herein, alky! groups typically have from 1 to about 16 carbon 
atoms, more preferably 1 to about 8 carbon atoms, still more preferably 1,2, 3, 4, 5, 
or 6 carbon atoms, As used herein, the term alkyl unless otherwise modified refers lo 
both cyclic and noncyclic groups, although of course cyclic groups will comprise at 
least three carbon ring members. 

Preferred alkoxy groups as referred to herein include those groups having one 
or more oxygen linkages and from 1 to about 16 carbon atoms, more preferably from 
1 to about % carton atoms, and still more preferably 1 , 2, 3, 4, 5 or 6 carbon atoms. 

Preferred amine groups Include aminoalkyl groups include those groups 
having one ot more primary, secondary and/or tertiary amine groups, and from 1 to 
about 12 carbon atoms, more preferably 1 to about 8 carbon atoms, still more 
preferably 1, 2, 3, 4, 5, or 6 carbon atoms. 

Suitable heteroaromatic groups as referred to herein may have one or more 
fused or linked rings typically 1, 2 or 3 rings and at least one ring containing 1, 2 or 3 
H O or S atoms such as coumarmyl Including 8-coumarinyl, quinolinyl including &- 
<juinolinyl t pyridyl, pyrazinyl, pyrimidyl, foryl, pyrrolyl, thienyl, thiazolyl, oxazolyl, 
oxidizolyl, triazole, imidazolyl, indolyl, ben2ofonmyl and benzothiazole. . 

Suitable carbocyclic aryl groups as referred to herein include multiple ring 
compounds that contain separate and/or fused aryl groups. Typical carbocyclic aiyl 
groups contain 1 to 3 separate or fused rings and from 6 to about 1 8 carbon ring 
atoms. Specifically preferred carbocyclic aryl groups include phenyl; naphthyl 
Including 1-naphthyl and 2-naphthyl; biphenyl; phenanthiyl; anthracyl; and 
aceuaphthyl. 

As discussed above, polymers of the invention preferably comprise one or 
more repeat units that comprise a photoacid-labile group. The photoacid-labile group 
may be e.g. linked lo the deprotccted hydroxy substituted of the carbocyclic aryl 
group incorporated into the polymer, eg. ihe photoacid-labile group may be grafted 
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onto the phenolic group of Ihc polymer depicted iti Scheme 1.. As discussed above, 
the photoacld-labile group may be e.g. an ecid-labilu ester. The photoacid-labilc 
group also may be e.g. an acetal group such as many be provided by reaction of a 
vinyl ether with a hydroxy substituent of a polymer repeat unit 

As discussed, various polymer moieties may be optionally substituted . A 
"substituted" substituent may be substituted at one or more available positions, 
typically 1, 2, or 3 positions by one or more suitable groups such as e.g. halogen 
(particularly F, CI or Br); cyano; Cm alkyl; Cm alkoxy; Cm alkylthio; Cm 
alkylsulfonyl; Cm alkenyl; C M alkynyl; hydroxyl; nitro; alkanoyl such as a Cm 
alkanoyi e.g. acyl anil the like; etc. 

Particularly prefened polymer produced by melhods of the invention include 
those that contain one or more repeat units provided by monomers of the following 
formulae I and/or B: 



wherein R 1 is selected from (Ci-CuJalkyl, substituted (d-Ci^lkyi, (Cj- 
Q)alkeijyl, substituted (Ci-C*>lkenyi, phenyl, Ce(R 7 )s, (Ci^alkyKdtfl 7 )*), (C,- 
C s )4lkyl(CfiH|02), vinyl and substituted vinyl; Z is selected from (Q- 
C*)aIkylsulfonate ester or aiylsulfonatc ester; each R y is independently selected from 
H, F, (CrC«)alkyI, (C,-C«)alkoxy. haktfCrQOalkyl, bydroxy-haKCi^^dkyl or 
hakKCi-C^oxy; 

each R 4 is independently selected from R 7 and OH; each R 5 is independently 
selected horn H or F; each R 8 Is independently selected from H, F, CH), CF Jt CHFi. 
and CHjF; and m = 0-2. 



(R'SiOw) (I) 




GD 
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ln those formulae I and JI, when ro = 0, it will be appreciated that there is a 
chemical bond between the silicon and the aromatic ring. It is preferred that m ~ 0 or 
l,andmoreprcfcraMym« 1. In those formulae, by "substituted nlkyT or 
"substituted alkenyl" it is meant that one or more hydrogens of the alkyl or alkenyl 
group, respectively, is replaced by one or more other substitucnts. Suitable 
substituents include, but are not limited to, (Cj-C^alkyl; substmiled(Ci-C 6 )alkyl; (C r 
Q)alkoxy; alkoxycarbonyls having the general fomiula (R*0-C(0))- wherein R 2 is as 
defined herein below; halo; hato{C,-C»)aDcyl such as trifiuoromethyl; (<V 
Cio)alkylsu1fonatc; and arylsulfonate. fluorine Is a preferred halogen substituent 
Preferred alkyl and substituted alkyJ groups for R* are (C|-C|o)alkyl, substituted (Ci- 
C, a )alkyl, and (R s O-C{0))-(Ci-Cio)alkyJ, wherein R J is as defined herein below. 
Preferred substituted (C2-C«)alfcenyl groups for R 1 are hntyCr-Cyalkcnyl, and more 
preferably fluoro(C 2 -C6)alkenyl- When R 1 is a (C,-C5>alkyKQH«OZ) group, as used 
herein, such Z is referred to as an alkylsulfonato or arylsulfonato substilucnt, or 
alternatively as alkylsulfonyloxy of aiylsuironyloxy substituent The (Ci- 
C«)alkylsuJfonate ester or arylsulfonate ester groups of Z may optionally be 
substituted, such as by halogen, and particularly fluorine. Suitable groups where R 1 is 
a <C|-Ci)alkyl(C«H40Z) Include, but are not limited to, pbcnyJsulfonatobenzyl, 
phenybulfonatophenylethyl, mewylsulfonatobenzyl, cthylsulfonatobenzyl, 
propylsulfonatobenzyl, trifluoromethylsulfonatobenzyl, mcthylsulfonatophenylcthyl, 
tolylsulfonatobenzyl, tolylsulfonatophenylethyl, camphorsulfonatobenzyl 
camphorsulfonatophenykthyl. phenylsulfonatophenyl, metbylsulfonatophcnyl, 
tolylsulfonatophenyl, camphorsulfonatophenyl, cthylsulfonatophcnyl, 
propylsulfonatophenyJ, trifluoromethylsulfonatophenyl. cthylsulfonatophenylelhyJ. 
propylsulfonatophenylemyl,unntoromc^^ Other 
suitable groups for R 1 include, but are not limited to, methyl ethyl, trifluoromethyl, 
2,2,2-trifluoroethyl, pentafluorocthyl, phenyl, benzyl, phenethyl, tolyl, 
trifluoromethylphcnyl, methoxyphenyl, triftoo/omelhoxyphenyl, norbomyl, 

cyclohexyl, 1,2,2-trifluorovtoyl, «■ lhc and F«fc»Hy ^"V 1 * *W> 
trifluoromethyl, 2,2,2-trifluoroethyl, pcntofluoroethyl, phenyl, benzyl, phenethyl, 
tolyl, trifluoromcthylphenyl, trifluorometboxyphenyl, noibomyl, cyclohexyl, and 
J ,2,2-trifluorovinyl. Particularly suitable monomers of formula II include, but are not 



* * 1 



( 52 ) 



JP 2004-38143 A 2004.2.5 



-14- 



limited to, hydroxyphenyl, hydroxybenzyl and hydroxyphenykihyL Suitable 
hydroxy-halo(Cj-C6)allcyl groups for R 7 include, but are not limited to, -QCFi^OH- 

f hotoimagcabJe compositions may be negative-acting or positive-acting. As 
discussed above* for positive-acting composition, the polymers typically further 
include one or more monomers containing an acid sensitive or cleavable group. Such 
acid sensitive monomers that may be polymerized to provide such groups include, but 
are not limited to, those of the formula 111 



wherein R l is an acid cleavable group; each R* is independently selected from H, F, 
(Ct^lkyl, (C,-Q)a1koxy, haloCC^alkyl, hydroxy-hakKCj-Q^M or haJo<Cr 
C^alleoxy; each R* is independently selected from H or F; each R 10 is independently 
selected fiwi H, F, CU 3 , CF* CI1F* and CHJ; and p- 0-2. Preferably, p - 0 or 1, 
and more preferably p - I. It is preferred that R 3 b cihyl, propyl or cyclobexyl. R z 
may be any suitable acid cleavable group. Suitable acid cleavable groups or leaving 
groups arc typically those that readily or fecilely form carbonium ions and include, 
but arc not limited to: a) a group selected from -ClOJOQCUafc; -CH(CH 3 )0(Ct- 
C«)alkyl; ^H 2 C{O)0C(aifo -CsHgO OctrahydropyranyO or lactones; b) an 
optionally substituted noncyclic alky] moiety having 6 or more carbon atoms, with at 
least 2 carbon atoms selected from secondary, tertiary and quaternary carbon atoms, 
and wherein the ether oxygen fs directly bonded to a quaternary carbon atom; c) 
optionally substituted fenchyl; d) optionally substituted phenyl; c) optionally 
substituted 3,2,0 bridged system; 0 optionally substituted bridged hcteroalicyclic 
group; g) optionally substituted cycloalkyl group having 3 or 4 ring carbon atoms; and 
h) optionally substituted 2,2,1-bridged systems. Suitable lactones include those 
attached to the oxygen by a tertiary carbon, such as y-vnlcro1actone. 
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Suitablc noneyclic alkyl moieties as leaving groups include those that have 
one, two or more tertiary carbon atoms, and/or one, two or more quaternary carbons. 
References herein to a "secondary" carbon indicate the carbon atom has two non- 
hydrogen subsUlucnts (i.c. CH 2 RR' where R and R' arc the same or different and each 
Is other than hydrogen); references herein to a "tertiary" carbon indicate the carbon 
atom has three non-hydrogen substituenls (i.e. CHRR'R" where R, R' and R" are the 
same or different and each is other than hydrogen); and references herein to a 
"quaternary" carbon indicate the carbon atom has four non-hydrogen substitucnts (i.e. 
CRRTTR"' where R, R\ R" and R"' are each the same or different and each is other 
than hydrogen). See, for instance, Morrison and Boyd, Organic Chemistiy, 
particularly at page 85 (3rd cd., Allyn and Bacon), for a discussion of those terms 
secondary, tertiary and quaternary. It is often preferred that a quaternary carbon is 
directly linked 0.e, covalcntly linked whh no other interpose atoms) to the oxygen. 

Preferred acid clcavabk groups of the invention contain only saturated carbon 
atoms. Thus, e.g., in this preferred aspect of the invention, the groups R, R\ R" R"' 
of the above formulae for secondary, tertiary and quaternary carbons of the groups 
(Le. the formulae CH 2 RR', CHRR'R", CRR'RTV") are each saturated alkyl. typically 
(Ci-C, 0 )alJcyl, more typically (Ci-C 4 )alkyl, still more typically alkyl having 1, 2, 3 or 
4 carbons. Preferred alkyl moieties include those having 1 quaternary carbon linked 
to the oxygen atom of the ether linkage and one or more additional tertiary or 
quatcmaty carbon atoms and not more than a one single ring alkiyclic group. 
Additional preferred alkyl moieties include those having 1 quaternary carbon linked 
to the ether oxygen atom of the linkage and one or more additional secondary carbon 
atoms and no more than one ring alicyclic groups. Optimally, the ether group will 
cootain only carbon and hydrogen atoms and be free of double or triple bonds. More 
preferred alkyl moieties include those having one quaternary carbon linked to the 
ether oxygen atom of the linkage and one or more additional quaternary or tertiary 
carbon atoms and not more than a one single ring alicyclic group. Optimally, the 
group will contain solely carbon and hydrogen atoms and be ftee of double or triple 
bonds. Particularly suitable leaving groups containing a quaternary carton bonded 
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directly to the oxygen include, but ate not limited to, those having the structures of 
Formulae (IV) - (X), where w refers to a polymer. 

a. ^ a. 

>-k 



(VI) 



(IV) 



(V) 




(VII) 




(VIII) 



OX) 




(X) 

Particularly suitable leaving groups having a quaternary carbon bonded 
directly to the ether linkage include, but are not limited to, 2,3-ditnethyi-2-butyl; 
2,3,34riniethyl-2*butyl; 2-mcthyl-2-butyl; 3-mcthyl-3-pentyl; 2,3,4-trimethyl-3- 
pcntyl;2.2,3 > 4.4-pentametliyI-3-penryl; 1-wethyM-cyclopcntyl; 1,2-diroclhyM- 
cyclopcntyl; 1,2.5-trimethyl-l-cyclopentyl; l,2,24rimcihyl-cycl©peniyl; 2,2,5,5- 
tetramcthyl-l-cyclopenlyi; 1-meihyl-l-cyclohcxyl; U^imettayl-t-cyclohcxyl; 1 ,2,6- 
trimcthyl-l-cyclobexyl; 1 A2,6-tetramethyH-eyclohexyl; l,2,2,6,frpentamethyM- 
cyclohcxyl; and 2,4,6^ime*yl-4-hcptyh 
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Additional preferred polymers produced by the methods of the invention 
include those that contain as polymerfeed units one or more monomers of formula I, 
one or more monomers of formula 11 and one or more monomers of formula III 



wherein R* is selected from (C,-C| 0 )alkyl, substituted (C|-C, 0 )alkyl, <C2-C 6 )alkcny1, 
substituted (CrC^alkcnyl, phenyl, Q(R 7 )s, (C,-C s )aW(C<&'h). ( c i- 
CsJalkyKCeFUOZ), vinyl and substituted vinyl; Z is selected Own (CI- 
C6)alkylsulfonate ester or arytsulfonate ester; R 1 is an acid cleavable group; each R 7 
and R* is Independently selected from II, F, (Ci-C6)alkyl. (C»-C s )alkoxy, halo(Ci- 
C«)alkyl, hyditflcy-halcXCi-COalkyJ and halo^-C^fkoxy; each R 4 is independently 
selected from R* and OH; each R s and R 9 is independently selected from H or P; each 
R* and R w is independently selected from H, F, CH 3 , CF* CHF 2 , and CflfeF; m » 0-2; 
and p - 0-2. Particularly suitable polymers for use in positive acting photoimageabte 
compositions arc those wherein m - 0 or I . More suitable arc those polymers wherein 
p = 0 or 1, and preferably p = 1. 

In those polymer, the R 1 group suitably lowers or helps control the dissolution 
rate. Thus, increasing the content of the monomers of formula 1 provides polymers of 
the present invention having decreased dissolution rate, as compared to the same 
polymer having a lesser amount of formula I monomers. 

In general, the monomers of formulae 1-111 may be polymerfeed in any ratio to 
provide the polymers of the present invention. For example, monomers of formulae i 
and 11 may be used in any ratio of 1:11 from 99:1 to 1:99. Monomers of formulae I and 
HI may be used in any ratio from of IdHI from 99:1 to 1:99. When the present 
polymers arc used in posKive-acting photoimagcable compositions, it is preferred that 
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thc monomers of formula ill are present from 5 to 80%, based on Ibc total molar 
percent of the monomers used. 

'fhc silicon-containing polymers of the present invention typically have a 
molecular weight of 500 to 200,000 Daltons, and preferably from 1000 to 100,000 
Daltons. 

i 

It will be appreciated by those skilled in the art that more than one silicon- 
containing polymer may be used in the present photoimageable compositions. Thus, 
the present photoimageable compositions may include one, two or more silicon- 
containing polymers. When two or more sflicon-containlng polymers are used, at 
least one is a silicon-containing polymer of the present invention. The remaining 
silicon-containing polymers may be conventional silicon-containing polymers or 
polymers of the present invention. In this way, blends of polymers may be 
advantageously used in the present photoimageable compositions. Such blends 
Include blends of the present silicon-containing polymers with non-sUicon-containing 
polymers. In these blends, any ratio of polymers is suitable. The specific ratio will 
depend upon the particular polymers combined and the characteristics (dissolution 
rate, etch resistance, photospced, etc.) desired and arc within the ability of one skilled 
in the art 

A wide variety of photoactive components may be used in photoimageable 
composition of the invention, including, but not limited to, photoacid generators and 
photobase generators. Photoacid generators are preferred. It will be appreciated by 
those skilled in that art that more than one photoactive component may be used 
advantageously in the photoimageable compositions of the present invention. 

Photobase generators useful in the present invention arc any compounds which 
liberate base upon exposure to light, typically at a wavelength of about 320 to 420 
nanometers, however other wavelengths may be suitable. Suitable photobase 
generators include, but are not limited to: benzyl carbamates, benzoin carbamates, O- 
caxbamoylhydroxyamines, O-carbamoytoximes, aromatic sulfonamides, alpha- 
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lactams, N-(2-allylcthcnyl)ainidcs, arylazide compounds, N-arylforraaraides, and 4- 
(ortho-nitrophcnyl)dihydropyfldines. 

The photoacid generators useful in the present invention are any compounds 
which liberate acid upon exposure lo light, typically at a wavelength of about 320 to 
420 nanometers, however other wavelengths may be suitable. Suitable photoacid 
generators include halogenated triazincs, onium salts, sulfonated esters and 
halogenated sulfonyloxy dicarboximides. 

Particularly useful halogenated triazines include baJomethyl-s-triazincs. 
Suitable halogenated triazines include for example, 2<l-(3,4-bcnzodioxolyl)M,6- 
bis(trichlororoc1hyl>l ,2,5-triazine, 2^1-(2^-benrodioxoly0)-4 > 6- 
bis(trichIoromethyl)-l ,3,5-triaisine, 2Kl-0»4-bcnzodioxo!yI)H.6- 
bis(tribromomcthyl)-l ,3,5-lria7Jne, 2^1K2,3-benzcxlioxolyl))-4.6- 
bKtnT>romomethy0-l,3,5*»azinc,2-(2^^ 

1,3,5-triazine, 2-(2H5Hncthylfuryl)eihyliden^^ ,3.S*iazinc, 
2^4-mediylwiyl)c%lidCTeM.^Mri^ 

m<^yllury0cmyHdeneH,6-bisKtrichloromcthy0-l ,3,5-triazmc, 2-(2-(4,5- 
dunetliyiruryl)etbylidencH,^^ 
metooxywryl)ethylidcneH,64Hs(tf^ 
m<^xyfiiryI)cthylick!neH,6-b^ 

methoxyfuryl)cthylidene)-4,6-bis (tricWoromethyl)-l,3^«triarinc, 2-(2-(4,5- 

dirocfooxy-furyl)ethylid<»cH,64>^ 

furfykthylideneM,6-bfs{ti^ 

methylfuiyl)dbylidene)A©^ 

^ylWwH»«-D«(^ bromome,h >' , )* ! .3,S-triMane, 2-{2-<3-methylluryl)ethylitlcne)- 
4,6-bis<tribriffliomethy0-l,3.5-tri^^ 
bis<tribromoniewy0-l,3,54ria2me,^^ 
bisCtrforomoraethylW.S-^ 

(tribroraomethyO-1 ,3,5-triazine, 2-(2-(3-methoxyftryl)etbyUdenc>4.<- 
bis^romoiMthylH^S^arine^^^ 

bis<tribromomcthyl)-U,5-trlazine, 2,4,6-tris-<ldchloromethyl)-],3,5-triazine, 2,4,6- 
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tri^tn^rtmoroethyl)-! 
2ijhenyI-4,6-bis(tribromom^ 

bis(trich1oromethyl)-l ,3,5-triazinc, 2^4-melhoxyphenyl)-4,6- b " s ( t n bro « noineth y 1 )- 
1,3,5-triazinc, 2-<l -naphtbylH^-bi^trichloromctby^l^^-triazinc, 2<l-naphthyl)- 
4,6-bi5(tribromome(hyl)-l > 3,5-triazinc, 2-(4-mefooxy-l-iiaphihylH6- 
bis(tr1cMoromemyl)-],3,5-triazinc, 2-<4-melhoxy-l -naphthyH.6- 
bis(tribromomethyrM,3,54riaz^ ^ 

triazine, 2-styiyl^,6-bis((richlorometlty1>I J 3 f 5-triazIn<;, 2-styryl-4,6- 
bis(tribromomcthyiH ,3,5-triazme, 2-(4-mcthoxystyryi)-4,6.Ws(trichloromethyl)- 
1,3,5-triazinc, 2^4-mcthoxystyiylH.^is(*ribromomcthyl)-l 1 3 J 5-«rfaz»no, 2-(3,4,5- 
trimethoxystyrylH,6-bis(trichlororncthyl)-1 ,3,5-triazine, 2-{3,4,5-trimctb<wys«yiyI)- 
4,6-bis(Uforomomcftyl)«l,3,Mr^ 
bis(trlcbloiwethy!K3,5-trfa^^^^ 

triazine and the like. Other triazine type photoacid generators useful in the present 
invention are disclosed in US Patent. No. 5,366,846, herein incorporated by reference. 

The s-triazinc compounds are condensation reaction products of certain 
methyl-halotncthyi-s-iriazlncs and certain aldehydes or aldehyde derivatives. Such s- 
triazinc compounds may be prepared according to die procedures disclosed in U.S. 
Pat No. 3,954,475 and Wakabayasbl et aL, Bulletin of the Chemical Socielv of Japan, 
42,2924-30(1969). 

Onium salts with weakly nucleophilic anions are particularly suitable for use 
as photoacid generators in the present invention. Examples of such anions are the 
halogen complex anions of divalent to beptavalent metals or non-metals, for example, 
antimony, tin, iron, bismuth, aluminum, gallium, indium, titanium, zirconium, 
scandium, chromium, hafnium, copper, boron, phosphorus and arsenic. Examples of 
suitable onium salts include, but are not limited to: diaryl-diazonhan salts and onium 
salts of group VA and B, HA and B and I of the Periodic Table, for example, 
halonium salts, quaternary ammonium, phosphonium and arson rum salts, aromatic 
sulfonium salts and sulfoxonium salts or selenium salts. Examples of suitable onium 
are disclosed in US Patent Nos. 4,442,197; 4,603,101 ; and 4,624,912, all Incorporated 
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hcreln by reference. Sulfonlum salts such as triphenylsulfonium hexafluorophosphatc 
arc preferred. 

The sulfonated esters usefcl as photoacid generators in the present invention 
include sulfonyloxy ketones. Suitable sulfonated esters include, but are not limited to: 
benzoin losylate, t-butylphenyl alpha-(p-tolucnesulfonyloxy>acetate t and t-butyl 
alpha-(p-toluenesulfonyloxy)-acetate. Such sulfonated esters are disclosed in the 
Journal of Pho topol Ymer Science and Technol ogy, vol- 4, No. 3 7 337-340 (1991), 
incorporated herein by reference. 

Suitable halogenatcd suironyloxy dkaiboximidcs useful as photoacid 
generators In the present invention include, but are not limited to: 
l(((lrifluoromcthyOsutfOT^ 

((perfluoroc*±wesuironyl^ N m 
((trifluoromethyIsulfonyQoxy)-5-nor^ 1- 
(((trifIuorome%l)suIfonyl)oxy)-2,5-pym>lidm 

(((trifluorometfiyl)sulfonyi)oxy)"4 ,7Hfncthano-lH-isoindoIc-l ,3(2ri)-dic»)e; 2- 
(((tffluoromcthyl)sul^ 3 9 44^av^ 
(((trifluorome%i)sulfonyl^ 2~ 
(((trifluoromctoyl)sulfonyl)oxy^^^ 2 ~ 

(((trifluoromethyl)sulfonyl^ 
lctrahydn>-2K((trifluor^ 

tctrahydTo-2^((trifluon)methyO 
2,6-bis-(((trifluoronie*y0^ 

tctrone; hexahydn>-2,6-bis<((t^^ H ' 
pynolc^^isoqumolh^^ l,S>trimAhyI-3. 
(((triHuojomethyl)$u^^ 

(((irifhioromethy0sulft«y0oxyH f 7^poxy-lIl-Uoi 3-<l - 

ittphthalenyJMiAenyM^ 

trifluoro^Htrfflluoromethyl)e% 
jWmdo1<>t,3(2H>dione;tct^ 
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2H-oxtreno(f)Isoindo1e.3,5(laH,4H)Hiiono; 5,5'-oxybis-2- 
(((trifluoromcthyl)sulfbnyOQxy)-l I l-isoindofe-1 ,3(2H)-dione; 4-methyl-2- 
(((trifluoromcthyl>ulf^ 

(((trJf1uoremcthyl)$ulfonyl)o^ and mixtures thereof! It is 

preferred that the halogcnated sulfonyloxy dicarboximides comprise one or more of 
l(((trinuoromethyOsulfonyJ)^^ N- 

((ptrflucaooctan^ N- r 

((trifluoromethyI$ulfooyDoxy)~5Hriorto^ and l- 

(((lrifluororneAyl)sutfonyl)o^)-2,5-pyrrolidinedk>nc, and more preferably N- 
((pcrfluoix>octanesulfonyI)o^ 

((trifluorarrcthylsulfonyOo^^^ \ 

In positive-acting systems of the present Invention, the photoactive 
components are typically added to photoimageable compositions in an amount 
sufficient to generate a latent image in a coating layer of resist material upon exposure 
to activating radiation. When the photoactive component is a photoacid generator, the 

amount is typically in the range of 0.1 to 1 0 percent by weight, based on the weight of j 

the resin, and preferably 1 to 8 percent by weight j 

t 

4 

In negative-acting systems of the present invention, the amount of photoactive * 
component useful is any amount sufficient to catalyze cross-linking of the silicon- 
containing polymer or oligomer. The photoactive components are typically used in 
the range of 0.1 to 25% by weight, based on the weight of the composition. It is 
preferred that the photoactive component is present in an amount in the range of 0.1 to 
1 5% by weight, more preferably in the range of 0.1 to 12% by weight, and still more 
-prelcmbl/ less thin of equal to 5% by werghC"A particularly suitable range is from 
0.1 to 5% by weight 

The compositions of the present invention may optionally contain one or more 
organic cross-linking agents. Negative-acting systems of the present invention 
preferably include one or more cross-linking agents. Any aromatic or aliphatic cross- 
linking agent that reacts with the silicon-containing polymer or oligomer is suitable 
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for use in the present Invention. Such organic cross-linking agents will cure to form a 
polymerized network with the silicon-containing polymer or oligomer, and reduce 
solubility in selected solvents. Such organic cross-linking agents may be monomers 
or polymers, ft will be appreciated by those skilled in the art that combinations of 
cross-linking agents may be used successfully in the present invention. 

Suitable organic cross-linking agenis useful in the present invention include, 
but are not limited to: amine containing compounds, epoxy containing materials, 
compounds containing at least two vinyl ether groups, allyl substituted aromatic 
compounds, and combinations thereof. Preferred cross-linking agents include amine 
containing compounds and epoxy containing materials. 

The amine containing compounds useful as cross-linking agents in the present 
invention include, but are not limited to: a melamine monomers, melamine polymers, 
alkylolmethyl mclamines, benzoguanaroine resins, benzoguanammc-formaldehyde 
resins, urca-formaldchydc resins; glycolurfl'formaldchyde rosins, and combinations 
thereof. These resins may be prepared by the reaction of acrylamide or 
methaerylamide copolymers with formaldehyde In an alcohol-containing solution, or 
alternatively by the copolymerizafton of N-alkoxymethylacrylamide or 
methaerylamide with other suitable monomers. Particularly suitable amine-based 
erosslinkers include the mclamines manufactured by Cytec of West Paterson, New 
Jersey, such as Cymel™ 300, 301, 303, 350, 370, 380, 1 1 16 and 1 130; 
benzoguanamine resins such as Cymel™ 1123 and 1 125; the glycoluril resins 
CYMEL™ 1 170, 1 171 and 1 172; and the urea-based resins BEETLE™ 60, 65 and 80, 
also available from Cytec, West Paterson, New Jersey. A large number of similar 
amlne-based'compounds~are commercially available from various suppliers. 

Mclamines are the preferred amjne-bascd cross-linkers. Particularly preferred 
are alkylolmethyl melamine resins- These resins are typically ethers such as 
Irialkylolmcthyl melamine and hexaalkyJolmethyl melamine. The alkyl group may 
have from 1 to 8 or more carbon atoms but is preferably methyl. Depending upon the 



« h 



( 62 ) 



JP 2004-38143 A 2004.2.5 



-24- 



reaction conditions and the concentration of formaldehyde, the methyl ethers way 
react with each other to form more complex units. 

Particularly suitable amlne-based cross-linking agents include those of 
fonnulalV 



Wherein R n and R 12 arc independently selected from H, (CrCafolkyl and phenyl. 
Preferred alkyl groups for R 11 and R u arc methyl and propyl. 

Epoxy containing materials usefcl as cross-Hnkcrs in the present invention are 
any organic compounds having one or more oxiranc rings that are polymerizablc by 
ring opening. Such materials, broadly called epoxides. Include, but are not limited to: 
monomelic epoxy compounds, and polymeric epoxides that may be aliphatic, 
cycloatipbatic, aromatic or heterocyclic Preferred epoxy cross-linking materials 
generally, on average, have at least 2 polymerizablc epoxy groups per molecule, 'the 
polymeric epoxides include linear polymers having terminal epoxy groups (e.g., 
diglycidyl ether of a polyoxyalkylene glycol), polymers having skeletal oxiranc units 
(o-g-, potybutadicne polyepoxide), and polymers having pendant epoxy groups (e.g., 
glycidyl melhaorylatc polymer of copolymer). The epoxides may be pure compounds 
but are generally mixtures containing one, two or more epoxy groups per molecule. 

Useful epoxy-containing materials may vary Groin low molecular weight 
monomcric materials and oligomers to relatively high molecular weight polymers and 
may vary greatly in the nature of their backbone and substiluent groups. For example, 
the backbone may be of any type and substituent groups may be any group free of any 
substituents reactive with an oxiranc ring at room temperature. Suitable substitucnts 
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Include, but arc not limited to: halogens, ester groups, ethers, sulfonate groups, 
siloxanc groups, nitro groups, phosphate groups, and the like. 

Particularly useful cpoxy containing materials in the present invention include 
glycidyl ethers- Examples are the glycidyl ethers of poJyhydric phenols obtained by 
reacting a polyhydric phenol with an excess of chlorohydrin such as epichiorohydrin 
(e-g^ the diglycidyl ether of 2^is-<2,3-epoxypropoxyphcnol)pTOpane). Such 
glycidyl ethers include bisphcnol A epoxides, such as bisphcnol A ethoxylated 
dlcpoxide. Further examples of epoxides of this type are described in US- Pat. No. 
3,01 8,262, herein incorporated herein by reference to the extent this patent teaches the 
preparation of such epoxides. 

Suitable epoxides useful in the present invention Include, but are not limited 
to: epichiorohydrin, glycidol, glycidylmeihacrylate, the glycidyl ether of p- 
teitiaiybutylphcnol (e.g. those available under the trade name Hri-REZ 501 4 from 
Celancse); diglycidyl ether of Blsphenol A (c.g. those available under the trade 
designations ETON 828, EPON 1004 and ETON 1010 from Shell Chemical Co.; and 
DER-33 1, DEJW32 and DER-334 from Dow Chemical Co.), vinylcyclohexcne 
dioxide (e.g., ERL-4206 from Union Carbide Corp.), 3 l 4^poxy-6-methyI- 
cyclohexytocthyl-3 f 4^w^nic<hyjcyclohcxene carboxylate (e.g. t ERLt4201 from 
Union Carbide Corp.), bis(3,4^xy^ctHylcyclohcxylmcthyl) adipate (e.g. ERL- 
4289 fix>m Union Carbide Corp.), bis(2,3-cpoxycyclopcntyl) ether (e.g. ERHM00 
from Union Carbide Corp.), aliphatic epoxy modified with polypropylene glycol (eg., 
ERL4050 and ERL-4269 from Union Carbide Cotp-X dipentenc dioxide (eg-, ERL- 
4269 from Union Carbide Corp.), Dame retardant epoxy resins (e.g. DER-580, a 
bromlnated bisphenol type cpoxy resin available from Dow Chemical Co.), 1,4- 
butancdiol diglycidyl ether of phcnolformaldchydc novolak (e.g., DEN-43 1 and DEN- 
438 from Dow Chemical Co.), and resorcinol diglycidyl ether (eg. KOPOXITE from 
Koppers Company, Inc.). 

Corapoimd$ containing at least two Yinyl ether groups include, but are not 
limited to divinyl ethers of aliphatic, cycloalipbatie, aromatic or aialiphatic diols. 
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Examples of such materials include divinyl ethers of aliphatic diols having from 1 to 
12 carbon atoms, polyethylene glycols, propylene glycols, polybutylcne glycols, 
dimethylcyclohcxancs, and the like. Particularly useful compounds having at least 
two vinyl elhcr groups include dl vinyl ethers of ethylene glycol, trimethyfcnc-1,3- 
diol, diethylene glycol, triethylcne glycol, dipropylene glycol, trlpropylcne glycol, 
resorcinol, Bisphcnol A, and the like. 

Suitable allyl substituted aromatic compounds useful as cross-linkers in the 
present invention arc those containing one or more allyl substituents, that is, the 
aromatic compound is substituted at one or more ring positions by the allylic carbon 
of an aikyleno group). Suitable allyl aromatics include allyl phenyl compounds, such 
as an allyl phenol. An allyl phenol crosslinker can be a monomer or polymer that 
contains one or more phenol units where the phenol units are substituted at one or 
more ring positions by an allylic carbon of an alkylene group. Typically the alkylene 
substltuent(s) is propenyl, La, the phenol has one or more propenyl substftuents. 
Preferred allyl phenols include a polycondensate of phenol and hydroxybenzaldchyde 
and an allylhalide such as allykhloride. A number of suitable allyl phenols are 
commercially available, for example the ally) phenol sold under the trade name 
THERMAX SH-150AR by Kennedy and Klim, Inc. (Little Silver, NJ-). AUyl phenyl 
compounds including allyl phenols arc also described in U.S. Patent No. 4,987,264, 
herein incorporated by reference to the extent this patent teaches the preparation of 
such compounds. 

Particularly writable organic cross-linking agents jneludo those containing one 
or more mcthoxyraethyt groups, such as mcthoxymcthyl-substUutcd mclaroines and 
mcthoxymethyl-substilutcd glycourils such as those of formula IV, above. 
Hexamethoxymcthylmelamine is a preferred methoxymethyl-substituted mcJamjne. It 
is further preferred that one or more of the hydrogens of the organic cross-linking 
agent, and more preferably One or more of the methyl hydrogens in the 
raethoxymethyl substituent, is substituted with a halogen, preferably fluorine. Thus, 
preferred cross-linkers include those containing one or more racthoxyfluoiumethyl 
and/or methoxydifluoromclhyl substituents. Exemplary preferred fluorinatcd cross- 
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linkmg agents include methoxyfluoromethyl- and mcthoxydifluoromethyl-substitutcd 
melamincs and glycourils, such as hexamcthoxyfluoranicthylrnelamiiKi and 
hexameihoxydifluoromclhylmcJamine. Also suitable are fiuorinated epoxy cross- 
linking agents. For certain applications, it Is preferred that the cross-linking agent is 
fiuorinated, 

The compositions of the present invention may suitably comprise only a single 
type of oi^anic cross-linker, e.g., only an amine containing cross-linker, or may 
contain two or more different cross-tinkers. When a combination of organic cross- 
linkers is used in the present invention, k is preferred that the combination include an 
amine containing compound and an cpoxy containing compound. The concentration 
of organic cross-linking agents in the compositions of the present invention may vary 
within a relatively wide range. It will be appreciated by those skilled in the art that 
suitable organic cross-linker concentrations will vary with factors such as cross-linker 
reactivity and specific application of the composition. Typically, the cross-linking 
agcnt(s) is present in an amount in the range of 0.1 to 80% by weight, based on the 
total weight of the composition, preferably in the range of 0,5 to 50%, and more 
preferably in the range of 1 to 25%, It is preferred that a cross-linking agent is used in 
the compositions of the present invention. 

The pbotoimageable compositions of the present invention may optionally 
further include one or more additional components, including, but not limited to, 
solvents, anti-striation agents, plasticizers, surfactants, base additives, speed 
enhancers, fillers, dyes and the like. In positive-acting systems, a base additive is 
typically used to adjust the phoiospced of the composition. Such optional additives 
will be present In relatively minor concentrations in a photoresist composition except 
for fillers and dyes which may be used in relatively large concentrations, e.g. in 
amounts of from about 5 to 30 percent by weight, based on the total weight of the 
composition's dry components. 

The photoimagcablc compositions of the present invention may be readily 
prepared by those skilled In the art. For example, a photoresist composition of the 
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inveniion can be prepared by dissolving the components of the photoresist i.e. 
polymer binder and photoactive component, in a suitable solvent. Such suitable 
solvents include, but are not limited to; ethyl lactate, ethylene glycol monomethyl 
ether, ethylene glycol monomethyl ether acetate, propylene glycol monomethyl ether, 
propylene glycol monomethyl ether acetate, 3-ethoxyethyl propionate, 2~heplanonc, -y- 
butyrolactonc, and mixtures thereof. 

Typically, the solids content of the photoresist composition varies from about 
5 to about 35 percent by weight, based on the total weight of the composition. The 
resin binder and photoactive components should be present in amounts sufficient to 
provide a film coating layer and formation of good quality latent and relief Images. 

Such photoresist compositions may bo applied to a substrate by any known 
means, such as spinning, dipping, roller coaling and the like. When the compositions 
arc applied by spin coating, the solids content of the coating solution can be adjusted 
to provide a desired film thickness based upon the specific spinning equipment 
utilized, the viscosity of the solution, the speed of the spinner and the amount of time 
allowed for spinning. 

As discussed above, the present photolmagcable compositions are particularly 
suitable for use as a top layer in a biJayer photoresist system- In such a system, a 
bottom layer of a conventional photoresist, such as novolac polymer based resist, inert 
por/arylether-sulfone copolymer based resist or a novolac or polyhydroxystyrene- 
based thermally cross-linkable system. Such bottom layer is typically applied to or 
coated on a substrate using any of the above described procedures. The bottom layer 
is then hard baked such as at 230° C for 2 minutes, after which the present 
photoimageablo compositions are coated on the cured bottom layer. The bottom 
layers preferably contain an amount of a U V absorbing component, such as an 
anthracene dye, sufficient for optical density and etch performance. Hie bottom 
layers typically have a thickness of from 0.4 to 1 |im. The top layer of the present 
photoimageable compositions fs typically from 0.05 to I fim thick, preferably from 
0, 1 to 0.5 Jim, and more preferably from 0.1 to 0.3 urn. 
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After being coated on the bottom layer, the present photoimageable 
composition top layer is dried by heating (baked) to remove any solvent. It is 
preferably dried until the coating is tack free. Thereafter, it is imaged through a mask 
in a conventional manner. The exposure is sufficient to effectively activate the 
photoactive component of the photoresist to produce a patterned image in the resist 
coating layer, and more specifically, the exposure energy typically ranges from about 
1 to 100 mJ/cm 2 , dependent upon the exposure tool and the components of the 
photoresist composition. 

The photoimageable compositions of the present invention may be activated 
by a variety of exposure wavelengths, such as 248, 193, 157 nm and 11-15 nm, 
Howcyct, the photoimageable compositions of the present invention may bo used with 
other radiation sources, such as, but not limited to, visible, e-bcam, ion-beam and X- 
ray. 

Following exposure, the film top layer of the composition is preferably baked 
at temperatures ranging from about 70° C to 160° C Thereafter, the top layer film is 
developed to form on etch pattern. The exposed resist film is rendered positive 
working by employing a polar developer, preferably an aqueous based developer, 
such as quaternary ammonium hydroxide solutions, such as tetra-alkyl ammonium 
hydroxide, preferably a 0,15 to 0,26 N tetramethylammonium hydroxide; various 
amine solutions, such as ethylaraine, n-propylamine, dicthylaminc, triethylamine or 
methyl dicthylaminc; alcohol amines, such as dicthanolamine, tricthanolaminc; cyclic 
amines, such as pyrrole, pyridine, and the like. One skilled in the art will appreciate 
which development procedures should be used for a given system. 

The pattern is next transferred to the underlayer or bottom layer by etching, 
such as with an oxygen reactive ion etch process. After such processing, the resists, 
both top and bottom layers, may be removed from the processed substrate using any 
stripping procedures known In the art 
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Tho present r&otolroageable compositions arc useful in all applications where 
photoresists are typically used. For example, the compositions may be applied over 
silicon wafers or Silicon wafers coated with silicon dioxide for the production of 
microprocessors and other integrated circuit components. Aluminum-aluminum 
oxide, gallium arsenide, ceramic, quartz, copper, glass, spin-on organic dielectrics, 
spin-on or chemical vapor deposited inorganic dielectrics, and the like are also 
suitable employed as substrates for the photoresist compositions of the invention. 
Other chemical vapor deposited layers, such as cap layers, etch stops and the like, 
may also be used as substrates. 

Alternatively* the present compositions may also be used in optoelectronics 
applications, such as in the manufacture of optical waveguides. By "optical 
waveguide" is meant any device that transmits optical radiation across a two- 
dimensional substrate surface. Suitable optical waveguides include, but arc not 
limited to, splitters, couplers, spectral filters, polarizers, isolators, wavelength division 
multiplexing structures, and the like. Such waveguides may also contain active 
functionality, such as amplification and switching such as with electro-optic, tbermo- 
optic or acousto-optic devices* To be useful as amplifiers, the present waveguides 
typically contain one or more dopants. Erbium is an exemplary dopant Such dopants 
arc well known in the art Thus, the present waveguides suitable for use as amplifiers 
contain one or more dopants* 

The waveguides of the present invention maybe manufactured as individual 
waveguides or as an array of waveguides. Whether such waveguides are prepared as 
an array depends on the particular use and is within the ability of one skilled h the art 

In one embodiment, optical waveguides may be prepared by first disposing a 
layer of the present compositions on a substrate by any means including, but not 
limited to, screen coating (or screen printing), curtain coating, roller coating, slot 
coating, spin coating, flood coaling, electrostatic spray, spray coating, dip coating or 
as a dTy film. When the compositions of the present invention are spray coated, a 
healed spray gun may optionally be used. The viscosity of the composition may be 
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adjusted to meet the requirements for each method of application by viscosity 
modifiers, thixotropic agents, fillers and the like. Any substrate suitable for 
supporting a waveguide may be used with the present compositions, Suitable 
substrates include, but arc not limited to, substrates used in the manufacture of 
electronic devices such as printed wiring boards and integrated circuits. Particularly 
suitable substrates include laminate surfaces and copper surfaces of copper clad 
boards, printed wiring board inner layers and outer layers, wafers used in ihe 
manufacture of integrated circuits, liquid crystal display ( U LCD ,% ) glass substrates and 
the like. 

The coated substrate is typically then cured, such as by baking, to remove any 
solvent Such curing may be a variety of temperatures, depending upon the particular 
solvent chosen. Suitable temperatures are any that arc sufficient to substantially 
remove any solvent present Typically, the curing may be at any temperature from 
room temperature (ix,, 25° Q to 1 W C. Such curing typically occurs over a period 
of from 5 seconds to 30 minutes. Such curing may be a fFcctcd by heating the 
substrate in an oven or on a hoi plate. 

After curing, the layer of the present composition disposed on the substrate is 
then imaged by exposure tq actinic radiation through appropriate artwork or a mask. 
Following exposure, the composition is then cured at a temperature of from 40" to 
1 70* C Curing time may vary but is generally from about 30 seconds to aboul 1 hour, 
While not intending to be bound by theory, it is believed that upon exposure to actinic 
radiation the silsesquloxano oligomer cross-links, particularly with the optional cross- 
linking agent The exposed areas arc rendered less soluble than the unexposed areas. 
Thus, the unexposed areas may be removed, such as by contact with a suitable 
solvent aqueous developer or sol ven^water mixture, leaving only the exposed areas 
remaining on the substrate. Suitable aqueous developers include alkali metal 
hydroxides such as sodium hydroxide and potassium hydroxide in water as well as 
tetraalkylammonlum hydroxide in water. Such developers are typically used in 
concentrations from 0.1 to 03 N, such as 0.15 to 026 N tetramethylammonium 
hydroxide in water. The choice of developer is well Within the ability of those skilled 
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in the art. Such development may bo at a variety of temperatures such as from room 
temperature lo about 100° C The time of such development depends upon the 
material to be removed and the temperature used, but is generally from about 10 
seconds to about I hour- 

Following development, the present waveguides may undergo a final cure 
step, or re-flow step. In such final cure step, the waveguides may be heated at a 
temperature Jn from about 130* to 225° C in air or inert atmospheres such as nitrogen 
or argon. Such final cure step aids in removal of residual solvent, removal of 
hydroxyJ groups from the silsesquioxane polymer such as by increasing the extent of 
cross-linking, alter the waveguide profile such as to reduce surface roughness, and 
improves the optica) transmission properties of the materia). 

Optical waveguides typically have a core and a cladding, wherein the cladding 
has a lower index of refraction as compared to the coio. Particularly useful 
waveguides have core having an index of refraction of from 1.4 to 1 J5. Typically, 
suitable cladding has an index of refraction of from 13 to 1 M. 

It ts preferred that a cladding layer is first deposited on a substrate. If the 
cladding layer is photocurable or thermocurablc, it may be blanket cured as a first 
step- The photodellnable core material is then deposited on the cladding layer, 
imaged and the unexposed areas optionally removed- A second cladding layer is then 
deposited on the imaged waveguide. The second cladding layer may be the same or 
different from the first cladding layer. However, the indices of refraction of the first 
and second cladding layers should be the same. The second cladding layer is then 
cured, or imaged in the ease of a photocurable cladding composition, to provide a 
waveguide structure. 

The silsesquioxane oligomers and polymers of the present invention are 
suitable for use in the cladding and/or core of the present optical waveguides. 
Preferably, the present photodefinable compositions are used to prepare cores for 
Optical waveguides. It will be appreciated that the refractive Index of a 
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photodefinablc composition Including a present silsesquioxarje oligomer and one or 
more organic cross-linking agents may bo modified by changing the amount and type 
of the one or more cross-linking agents selected and/or photoactive component. Thus, 
lie present compositions may bo useful as core or cladding material depending upon 
the type and quantity of cross-linking agents selected. 

All documents mentioned herein arc incorporated herein by reference. The 
following non-limiting examples are illustrative of the invention. 

Example 1 : Synthesis of silane monomer of a-raethyl, 4-acetoxybcnzyl 
trichlorosilane 

A 50 mj 2 necked round bottomed flask equipped with refluxing condenser 
and an addition funnel is flushed with nitrogen for 10 minutes and charged with 10 
mg of Pd(OAC) 2 and 40 mg of triphenylphosptonc and 10 ml of toluene, The mixture 
Is stirred at room temperature. 2 g of p-acetoxyslyrene is added (all at once) to the 
clear solution followed by dropwisc addition of 4.5g trich!oros3aiie. The whole 
mixture was stined at 50*C for 10 hours after which solvent and the unreactcd starting 
materials removed by distillation. The crude product of oc-methyl, 4-acetoxybcnzyl 
trichlorosilane is evaluated by f H and ,3 C NMR and produced In 95% yield. 

Example 2: Polymer synthesis using a-mcthyi, 4-acetoxybenzyt trichlorosilane 
A solution of known amounts of 1,4-phcnylcnediaminc, triethylamine and 
excess THF arc added drop wise to a throe necked flask containing known amount of 
a-mcthyl, 4-acctoxybenzyl trichlorosilane in known amount of toluene at -15°C This 
solution Is stirred for 30 min at low temperature (-I5 0 Q after which a known amount 
of water and triethylamine and THF are added drop wise to the flask at-5"C. This 
mixture is stirred at this temperature for additional 3 h then washed with water until 
neutral and dried with anhydrous sodium sulfate overnight. 



The final solution from the above reaction is stirred in the presence of 
molecular sieves (4 angstroms) and a catalytic amount of triethylamine at 50°C for 72 
h. After 72 h, the polymer solution Is washed with water until neutral and the solvent 
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was distilled off. The solid polymer was dissolved in minimum amount of THF and 
precipitated In water (twice) and dried in vacuum at 50°C for 24 h. 

Example 3 : Photoresist preparation and lithographic processing. 

A preferred bihyer resist composition was prepared and processed as follows. 

The top resist layer was formulated at 1 0 weight percent solids. The following 
components were admixed to provide the resist composition: polymer, base additive, 
surfactant, and photoacid generator component. 

Polymer, base additive f (roger's base) and surfactant (RO-8 surfactant) are 
added as solutions of propylene glycol methyl ether acetate (PGMEA). The 
photoacid generator is added as a solution in ethyl lactate. The final solvent blend of 
the formulated resist was 9Q;10 v/v PGMEArethyl lactate. Hie polymer is as 
produced in Example 2 above. The photoacid generator component consists of MDT 
in an amount of 6 J weight percent of total solids (all resist components except 
solvent) and t-butylphcnyldiphenyl sulfoniurn trifluorobenzenesulfonate in an amount 
of 23 weight percent based on total solids. The base additive (Trogcrt base) is 
present in an amount of 0.563 weight percent based on total solids. The surfactant (R- 
08; from 3M) is present In an amount of 0.2 weight percent based on total solids. 

B ottom layer 

The bottom layer composition is formulated at 18.26 weight percent solids. 
All components are added as solutions in either PGMEA or ethyl lactate, with a final 
solvent Wend of 80:20 v/v PGMEA:cthyl lactate. 

The bottom layer composition consists of components of polymer, crosslinkcr, 
thermal acid generator and surfactant The polymer component consists of a resin 
blend of a phenolic novolac resin and a copolymer containing anthracene methyl 
acrylate, hydroxyl ethyl methacrylatc and methyl methacrylatc. The crosslinkcr is a 
benzaquanaminc resin (Cymel 1 170) which is present as 15 weight percent of total 
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solids or the bottom layer composition. The thermal acid generator is Nacurc 5524 
which was present as 4 weight percent of total solids. The surfactant is R-0$ which 
was present as 03 weight percent of total solids. 

The compositions are lithographically processed as follows. The bottom layer 
composition is spin coated onto silicon wafers and cured at 17S°C for 60 seconds to 
provide coating layers of 5100 angstrom thickness. The top layer composition is then 
spin coated over the bottom layer and soft-baked at 90°C for 90 seconds. The applied 
resist layer is then exposed to 248 nm radiation through a photomask, post-exposure 
baked at 90°C for 90 second, and developed with 0.26 N aqueous alkaline solution. 

The foregoing description of the invention is merely illustrative thereof and ii 
is understood that variations and modification can be made without departing from the 
spirit or scope of the invention as set forth in the following claims. 



1 Abstract 

The invention Includes new Si-containing monomers, polymers containing 
such monomers and photoresists that contain the polymers. Synthetic methods of tho 
invention include reacting a vinyl carbocyclic aryl ester compound with a reactive 
silane compound to provide the monomer. 
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